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@ |} ACUUM GAUGE 

A new design of radium-type 
vacuum gauge is supplied with a 
number of ranges covering pressure 
measurement from 1000 to 0.0001 
mm of mercury. The response of 


A QUICK GLANCE AT THE LATEST 
TECHNICAL DEVELOPMENTS 
THROUGHOUT 


THE WORLD 





the gauge is said to be practically 
instantaneous, while the output signal to the 
meter is linear and proportional to the gas pressure. 
The signal is determined by the collection of gas 
ions produced by a constant flux of alpha particles 
emitted from a small sealed radium source, which 
is too small to constitute a health hazard. Essen- 
tially, all the ions produced are collected in either 
of two ionisation chambers, one of which is 
provided for high-pressure ranges and the other 
for low-pressure ranges. The ion current is ampli- 
fied by a factor of 10’ and is indicated by a meter 
or a recorder. A low-voltage collection field is 
employed, so that problems arising from con- 
tamination of electrodes are eliminated. The use 
of a special small chamber, located in the measuring 
head, excludes the possibility of non-linearity due 
to recombination of the ions in the high pressure 
ranges. This is a factor which h2s limited the 
applicability of previous gauges of this type. The 
volume of the sensing element has been Kept small, 
so that the pressure in the element will follow 
more closely sudden pressure changes in small- 
vacuum systems. The minimum pressure that 
can be measured is limited by several factors, it is 
stated. Among these factors are the grid current 
of the electrometer tube, the response time 
constant, and the permissible contamination 
without loss of accuracy. The grid current of the 
electrometer tube sets an ultimate limit of about 
10° mm as the lowest measurable pressure. This, 
however, would be attained with a response time 
constant of well over one minute. 
@ TERMINALS FOR CERAMIC RESISTORS 
A recent invention is concerned with the bond- 
ing of metallic leads to non-metallic resistance 
material, and in particular describes the provision 
of a ceramic terminal composition for forming an 
integral ceramic structure with glass-bonded 
conductors such as thermally sensitive resistors. 
For such an application, the invention envisages 
materials composed of a glass-bonded, uniformly 
distributed metallic powder. The inventors state 
that it has been found that a material for the 
terminal contact surface, which has optimum 
characteristics from the electrical aspect, as well 
as from that of bonding with the material of the 
electrical resistor, is composed of about 70 to 89", 
nickel, about 8 to 29°,, boro-silicate glass, and 
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about | to 3°, alkaline earth borate glass, such as, 
for example, a magnesium borate glass. While 
nickel powder of about 325 mesh per inch is said 
to be preferable as the electrical conducting 
constituent, other metallic powders such as 
silver, copper, nickel-chrome alloy, or iron 
powder may be used with satisfactory results. 
The magnesium borate glass may consist of about 
95", B.O, and about 5°,, MgO, both of which are 
preferably ground to about 200 mesh per inch. 
A composition suitable for sintering at 1150° to 
1300 F consists of 70°,, nickel, about 28°,, boro- 
silicate glass, and about 2°., magnesium-borate 
glass. For sintering temperatures of 1300° to 
1550 F, a composition of about 78°, nickel, 
about 21°, boro-silicate glass, and about 1°, 
magnesium-borate glass is desirable. For sin- 
tering temperatures of 1550 to 1700 F, a com- 
position of about 80°, nickel, 19°, boro- 
silicate glass, and about 1°,, magnesium borate 
glass is suggested. It is claimed that these ma- 
terials are especially useful for providing terminals 
on resistance materials having either positive or 
negative resistance temperature coefficients. 
@ SILVER-COATED JOINTS FOR 

ALUMINIUM CONDUCTORS 

A new process for silver-plating aluminium 
has been developed and is being used to eliminate 
joint failures which otherwise could be caused by 
the high-resistance aluminium-oxide film. Many 
thousands of sample bars are reported to have been 
subjected to evaluation tests including the follow- 
ing :—(1) Bonding strength between silver plate 
and aluminium at room temperature ; (2) freedom 
from blistering at high temperature ; (3) freedom 
from porosity ; (4) protection against corrosion in 
humidity and salt spray ; (5) ability to carry high 
momentary currents; (6) ability to withstand 
short-circuit forces; (7) ability to withstand 
severe overheating by current overload; (8) sta- 
bility of performance on long-time cycling heat 
run. The bond between the silver plate and the 
aluminium has been found to be stronger than 
either of the two metals. Extensive endurance 
tests under high-humidity conditions have shown 
that greasing after silver plating solves whatever 
minor corrosion problems may exist with 
aluminium-to-aluminium and _  aluminium-to- 




















The practical application of transistors 


HE realisation of practical electronic equipments using transistors is 

dependent upon the success of three major development activities. 
The first, which is basic work leading to transistor know-how, takes place 
in the research laboratories of the transistor manufacturer. In this field 
great progress has been made by Mullard, particularly in the control of 
material processing and purification. This is a prerequisite in the large- 
scale production of transistors of consistent performance. 
The second development activity takes place in the transistor manu- 
facturer’s own measurement and application laboratory. Here, Mullard 
have energetically applied the experience, so far gained, to the initial 
transistor research work and produced samples of five types of transistor. 
These samples, the forerunners of a comprehensive range, will be avail- 
able almost immediately. 
It is now possible, therefore, to proceed with the third essential activity. 
This is in the development laboratories of the equipment manufacturer, 
who can contribute to the continuing progress by experimentally applying 
these sample transistors to typical examples of his problems. 
Designers of equipment who wish to experiment with these new tran- 
sistors are invited to apply now for samples and data. The experience of 
the Mullard Industrial Technical Service Department is available for 


those wishing to draw on it in the solution of transistor problems. 

















Mullard 





MULLARD LIMITED, COMMUNICATIONS & INDUSTRIAL VALVE DEPT. 
CENTURY HOUSE, SHAFTESBURY AVENUE, LONDON, W.C.2 
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copper joints in the great majority of switch-gear 
applications. Endurance tests under salt spray 
conditions have shown that an envelope configura- 
tion of silver plate, plus zinc chromate grease and 
punt, provides highly stable performance. Be- 
cause many joints must be made between copper 
and aluminium conductors, addition of the silver 
plate does not introduce a new corrosion problem. 
In a high current test these silver-plated alumi- 
nium joints have remained undamaged at tem- 
peratures so high that the aluminium bars sagged 
because of their own weight. In a 1-year cycling 
heat run, no silver-plated aluminium joint was 
found to have increased its contact resistance 
significantly. 


@ SILICON TRANSISTORS 


A recent report announces the development 
of a process for the production of pure silicon, 
and this may pave the way to more powerful and 
less bulky television, radio, and other electronic 
and electrical equipment. By the new process a 
large source of raw material for transistors, as well 
as rectifiers and probably other electrical parts, is 
becoming available. Moreover, the use of silicon 
is expected to broaden the scope of these develop- 
ments because silicon can be used over a much 
wider temperature range than other materials 
available. Recent tests indicate that pure silicon 
used in transistors will compete with germanium 
in some cases. In fact, for many purposes silicon 
is the only known material that is practicable. 
This applies in particular to cases where com- 
ponents must operate at temperatures in excess 
of 170° F. Silicon remains useful at temperatures 
as high as 400° F, which means that, not only 
can it withstand more surrounding heat, but it 
can handle more power than other materials. In 
effect, it can handle several times as much power 
as, for example, germanium. It is also stated that 
the propetties of silicon indicate that its use may 
improve the accuracy and precision in the func- 
tioning of electronic equipment. In the case of 
rectifiers, silicon would compete with selenium. 
The ability of silicon to withstand heat and handle 
greater power could mean that smaller rectifiers, 
with relatively higher capacities, could be developed. 


@ PROTECTIVE FINISH FOR MAGNESIUM 


An electrolytically applied ceramic coating can 
be used as a protective finish on all magnesium 
alloys, including the rare earth alloys; it is 
generally used in an average thickness of 0-001 in. 
It is refractory and has excellent corrosion, abra- 
sion, and heat resistance. The chemicals used in 
the alkaline bath solution are potassium hydroxide, 
aluminium hydroxide, trisodium phosphate, potas- 
sium fluoride, and potassium manganate. The 
parts to be treated need only be given a hot 
alkaline cleaning and a cold water rinsing, since 
the process itself possesses self-cleaning properties. 
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The thickness of the coating varies with the time 
of treatment and the amperage used in applying 
the coating. The first phase involves a chemical 
union of the material with the surface layer of 
the magnesium, producing a surface of light 
oatmeal colour. This provides a good base for 
paint. Indications so far are that this layer, if 
left unpainted, is considerably inferior in corrosion 
resistance to the final coating built up to a thick- 
ness of 0-001 in. or more. The completed coating 
will scratch glass, and steel can be sharpened on 
the surface. Its hardness on Moh’s scale is between 
7 and 8. The coating provides the magnesium 
with a surface which is resistant to temperatures 
of 2500° F and higher. The dielectric strength 
of the coating is approximately 550 volts at network 
frequency, provided the coating is at least 0-001 in. 
in thickness. This insulation value indicates a 
highly non-conductive and impermeable coating. 
Since the insulating quality is so high, it obviously 
should be an effective means of preventing gal- 
vanic coupling action. Because the coating is 
ceramic in nature, its elastic properties are poor. 


@ PROGRESS IN METALLURGICAL 

MICROSPECTROSCOPY 

For several years spectroscopists have been 
working on the problem of obtaining small area 
samples of metallurgical specimens in order to 
assist metallurgists in their task of identifying 
microstructures of specimens. One procedure 
evolved is based upon the utilisation of a microspark 
source, which is discharged through a fine quartz 
capillary onto the area to be analysed. Surface 
areas of 0-05 mm diameter were reported to have 
been successfully identified. In a modified version 
of this method, a small hole is drilled through a 
thin mica sheet to confine a spark to a small area 
of metal. In another approach to the problem, use 
was made of pointed graphite and metal counter 
electrodes for the analysis of segregates in metals. 
One of the difficulties encountered by spectroscop- 
ists in using methods of this kind has been the 
necessity for constructing special equipment A 
recently introduced method is claimed to have 
overcome this disadvantage and relies on the use of 
standard spectrographic equipment and a spark 
or arc source. This new method of identifying 
metallic constituents consists of drilling out the 
minute portion to be analysed, flowing collodion 
over the resulting chips, and transferring the 
collodion, together with the chips, to a pure carbon 
electrode for analysis in a standard spectrographic 
arc. Since 0-1 microgram of metal can usually 
produce a spectrum, drillings from a 0-001 in. 
diameter hole of equal depth can usually be identi- 
fied as to major constituents. Drilling from 0-002 
and 0-003 in. holes often provide more complete 
spectra and identification of high-alloy constituents. 
Several drilling machines, reported to be capable 
of using 0-001 in. drills, are commercially available. 
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How thick is a film of paint? 


How thick is a plastic cove ring ? 


How thick is an enamel coating ? 


How thick is a Brass foil? 








THE 


ELCOMETER 


gives an instant 
answer to these and 
many similar problems 





A self-contained precision instru- 
ment which has given world-wide 
service over many years, the 
Elcometer measures all non-mag- 
netic coatings ona ferrous base or 
foils, with accurate readings to 
within + 5°, + ‘0001 in. on flat 
or curved surfaces. 








EAST LANCASHIRE CHEMICAL Co. Ltd., 
Fairfield 6, Manchester. 


Distributors in: Australia, Belgium, 4 ; I : 
Finland, France, Germany, Holland, India, Italy, Japan, Mexico, New. Zealand, 
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Our new 
factory 
ensures 
IMMEDIATE 
DELIVERY 


» Denmark, East Africa, 


South Africa, Spain, Sweden, Switzerland and U.S.A. 
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FOR WIDE RANGE FREQUENCY AND VOLTAGE 











FREQUENCY RANGE: 50 cycles to 55,000 
cycles. 
BASIC RANGE: 50-550 cycles direct reading 
ona 6” diameter scale over an arc of 300. 
MULTIPLIER: |, x 10, x 100. 
TOTAL SCALE LENGTH: 48”. 


Alternatively 30 - 33,000 cycles 
or 10-1!1,000 cycles. 


AUDIO sitiinanaiad SIGNAL GENERATOR 
Model LO63 


Accuracy to + 14% or 0.5 cycle 








@ Completely Self-contained 


@ Operates from A.C. Mains —Stabilised Voltages 


Here is a standard calibrated audio frequency voltage 
generator designed to cover a wide range. 
high value capacity components in the bridge circuit 
allied to the two valve phase-shift oscillator which is 
equipped with fully automatic electronic feed-back 


The use of 


control, results in a circuit of exceptionally high 


stability. 


Please write for full specification. 


enter 


BRITISH ‘PHYSICAL LABORATORIES 


Tel.: RADLETT 5674-5-6 


Radlett HERTS 
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@ \EW SILICONE RESINS 

Foamed plastics, which represent a relatively 
new development in the field of plastics, can be 
used to advantage for thermal insulation, shock- 
resistant components, and light weight structural 
applications. Recently, interest in this material 
has been further stimulated by the development 
of several types of castable foamed plastics. With 
these types, the resin and a catalyst addition are 
poured into the mould or form and allowed to 
expand, conforming to the shape desired. Until 
recently, the plastic material used in these castable 
foams was limited mainly to phenolics or iso- 
cyanate or urea formaldehyde base resins, which 
are all thermosetting resins and, as such, will 
char in the presence of an open flame, although 
they will not support combustion. The range of 
applicability of castable foamed plastics has now 
been considerably expanded by the advent of 
castable foamed substances of the silicone resin 
type. It would appear that this type will prove 
particularly useful in applications for thermal 
insulation. Foams made of resins of this type have 
been exposed to temperatures of 700 F for over 
20 hours with very little structural or dimensional 
change. Sections of this material, only one-half 
inch thick, can be brought to a red heat over an 
open flame without showing any significant de- 
composition. At 500 F, the material becomes 
resilient and loses a considerable amount of its 
compressive strength, so that it can be formed to 
the desired shape before the final cure. A similar 
silicone resin, also available, is a rigid therrno- 
setting material with good compression strength ; 
it retains a high percentage of its initial strength 
when heated to 500° F. 


@ MAGNETIC TAPE CONTROL OF 

MACHINE TOOLS 

A record playback control system is now being 
developed in which a machine tool or process 
cycle is directed in accordance with information 
stored on a magnetic tape. It is estimated that in 
the case of a milling machine, used in the manu- 
facture of self-reinforced skin structures of jet 
aircraft, the tape control system will double the 
production speed of the machine tool. The in- 
dustrial type multiple channel tape recorder used 
in the new control system is similar to equipment 
employed in the entertainment and broadcasting 
fields, except that it records motion instead of 
sound. It will thus serve as a magnetic memory 
for the machine on which it is installed. In opera- 
tion, a skilled machinist or a tracer control 
mechanism will run the machine through a series 
of motions to produce the first piece of work. 
These motions are translated into electrical signals 
by means of selsyns and are recorded on the 
magnetic tape through an electronic circuit. Non- 
productive motions, such as tool setting, gauging, 
template changing, and stop settings, are not 
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recorded on the tape. When the tape is played 
back through the machine, it automatically dupli- 
cates the original motions of the machine tool 
and produces a part exactly similar to the one 
made while recording. Repeat orders can be 
produced economically by taking the specified 
tape recording from a file and inserting it into the 
control mechanism. Studies are now being made 
of the possibility of using an electronic computer 
to convert numerical data into the electrical sig- 
nals recorded on the magnetic tape. This would 
eliminate the first manual machining operation. 


@ NOVEL GAS TURBINE PLANT 


In most of the known gas turbine processes the 
high temperature of the driving gas imposes a 
severe punishment upon the turbine blade mater- 
ial. It is therefore necessary to reduce artificially 
the temperature of the driving gases, for example, 
by the admission of cooler air, which obviously 
causes considerable losses in cycle efficiency. It 
has already been proposed in cases where solid 
fuels and fuels with high ash content are to be 
burned, to connect the turbine in front of the 
combustion chamber, in order to protect the 
turbine blades against wear by fly-ash, but this 
arrangement has certain inherent disadvantages in 
other respects. A recent patent describes a method 
by which these disadvantages can be overcome. 
In a turbine cycle of this type, the compressed air 
delivered by the compressor is passed through a 
heat exchanger in which it is heated by heat 
absorption from the hot gases of a combustion 
chamber of the oscillatory gas-column type 
discharging directly into the heat exchanger. The 
heated air is then passed into the turbine, from 
which it is discharged into the combustion 
chamber, where it is used as combustion air and 
from which the products of combustion are then 
passed into the heat exchanger, as already ex- 
plained. In the combustion chamber, gas oscilla- 
tion is effected by the production of positive 
pressure waves travelling towards the open end of 
the combustion chamber, while a flow in the 
opposite direction towards the inlet of the com- 
bustion chamber is prevented by means of a non- 
return throttle member. At the open end of the 
combustion chamber, the advancing positive 
pressure is converted into a returning negative 
pressure wave, which draws fresh air into the 
combustion chamber for the subsequent cycle, and 
also causes ignition of the newly formed mixture. 


@ MAGNESIUM ALLOYS WITH THORIUM 
CONTENT 
It is reported that aluminium alloy castings 
may soon have to compete with magnesium alloy 
castings containing thorium. Although thorium is 
an expensive alloying element, preliminary research 
appears to indicate that the cost factor may be 
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12” model of the new 
Vent-Axia ‘Reversible’ 
with reversing switch 
giving @ Choice of five 
speeds in either direc- 
tion of air flow, 





eighteen-year test 
for moulded plastics 


Eighteen years ago we made the first moulded 
plastics components for the Vent-Axia ventilat- 
ing unit. All the thousands of units sold since 
that date, including the new ‘Reversible’ range, 
have been housed in moulded plastics of our 
manufacture. Moulded, too, is the all-important 
air impeller, doing its long hours of duty at 
speeds up to 2,000 revolutions per minute. The 
louvre mouldings, made from high grade 
phenolic moulding material without any added 
finish, are exposed to all kinds of weather all the 


year round, The Vent-Axia_ story provides 
conclusive proof of the efficiency and economy 
of moulded plastics made by the National 


Plastics Companies. 


Exploded view of the Vent-Axia 9 
‘Reversible’ showing the various moulded 
plastic parts and the patented screw ring 
fixing method giving even pressure o 
glass anda watertial 
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NATIONAL PLASTICS (Sales) |LTD. 


Sales Organisation for British Moulded Plastics Ltd. & Moulded Froducts Ltd. 


CHESTER ROAD, TYBURN, BIRMINGHAM 24 
ERDington 2201 


WALTHAMSTOW AVENUE, LONDON, E.4. 
LARkswood 2323 
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‘C’ TYPE ANTI-VIBRATION 


MOUNTINGS 


FOR LIGHT MACHINERY, ENGINES, GENERATORS, 
COMPRESSORS, PRECISION MACHINES, ETC, 


The D.S.P. ‘«C’ Type Mounting is de- 
signed for efficient isolation of vibration 
from light and medium weight machinery. | 
The range of rubber compounds available 
permits loads from 30 to 150 lbs. to be 
carried at spring rates from 175 to 1430 lbs. { 
per inch. Frequencies down to 600 c.p.m. 
can be isolated. 

A complete range of D.S.P. Anti-vibration 
Mountings is available for the insulation of 
instruments and all types of machinery ; 
D.S.P. technicians will gladly advise on 
any vibration problem. 
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SPECIALISTS IN: PRECISION RUBBER 
ENGINEERING 
Dunlop Special Froducts Ltd. * (Engineering Components Div.) 


Fort Dunlop, Erdington, Birmingham, 24 
Telephone: Erdington 2121 Extension 341 & 767 
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outweighed by the outstanding mechanical pro- 
perties which thorium imparts to magnesium alloy 
at ambient and elevated temperatures. In fact, the 
claim is made that these alloys can replace alu- 
minium alloys, using the same sections. Foundry 
difficulties are said to be confined to metal pre- 
paration, and sound castings have been obtained, 
which have uniform properties and which are 
unaffected by section thickness. Alloys containing 
2 to 3°, thorium show good ductility and re- 
markable stability of properties after heating. 
Experience suggests that sand castings can be 
formed by hot or cold work and can still retain 
required mechanical properties, even in a welded 
assembly. The claim is also made that satisfactory 
repairs or assemblies can be made by welding. 
Another consideration is that unlike the cerium 
rare earths, thorium is not lost by reaction with 
chloride fluxes, while sudden, heavy scrap loads 
can be recirculated without loss of the most 
expensive component. For creep resistance, a 
magnesium base alloy of 3°,, thorium, 2-3°%, zinc, 
and 0-7°,, zirconium has been used. Another 
magnesium alloy contains 5-8°,, zinc, 1-9%, 
thorium, and 0-7", zirconium. Production castings 
of gas turbine components, which required about 
400 lb of molten metal, have been made. Castings 
were poured at 1350 F and risers were topped at 
1400 F. No burning or excessive oxidation was 
encountered. The castings were clean, free from 
dross, and showed no signs of shrinkage porosity, 
though the overall shrinkage was increased. 


@ LUBRICATION OF BALL AND ROLLER 

BEARINGS AT HIGH SPEEDS 

A recent research paper deals with the lubri- 
cation aspects governing the performance of 
rolling bearings operating in the speed range of 
6,000 to 30,000 rpm and under radial, thrust, and 
combined loadings. Most of the work was carried 
out on standard ball bearings of 2-in. bore. Three 
different test machines were used. These machines 
were especially designed to allow examination of 
the following factors :—Effects of variation in oil 
teed, including reduction of oil feed to zero; a 
comparison of various methods of lubricant 
supply; and the influence of viscosity and 
boundary properties of the lubricant. In the first 
of these machines, two nominally identical ball 
bearings are mounted on either side of a collar on 
the high-speed shatt and subjected to thrust load 
by annular pistons under oil pressure. In the 
second machine, the hydraulic thrust loading 
system is replaced by spring-loaded levers forming 
a ‘‘nutcracker” system forcing the bearing 
housings together. The third machine was 
designed primarily for work on bearings under 
radial load only. In general, the criteria of bearing 
performance were temperature rise and friction. 
Bearing life was not considered, except where it 
was determined by instability of thermal condi- 
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tions, since, under thermal equilibrium, bearing 
life is largely dependent on factors other than 
lubrication. The investigators conclude that, 
provided the bearing housings are adequately 
drained, the rate of oil supply and the method of 
lubricating high-speed rolling bearings are not 
critical, and that lubricating oil can be used as a 
very effective coolant with no appreciable increase 
in friction. Viscosity of lubricants has little direct 
effect on performance, but there appears to be a 
case for good boundary lubricating properties, 
particularly at elevated temperatures and under 
combined radial and axial loading. 


@ NOVEL ELECTRICAL MEASURING 

SYSTEM 

A recently published patent specification des- 
cribes a very simple and highly ingenious magnetic 
device, which appears to hold considerable pro- 
mise for widespread applications in indicating, 
measuring, and recording instruments. This 
novel device comprises a permanent bar magnet, 
which is pivotally mounted for rotation about an 
axis coinciding with the magnetic axis of the bar. 
One electrical terminal is arranged at or near one 
end of the magnet and a second terminal is 
arranged on the side surface, midway between the 
ends of the magnet, so that the electrical path 
through the magnet has a radial component, to- 
gether with a closed electrical circuit between the 
terminals. This feature is of basic importance, 
since it is the radial component of the current path 
which, by interaction with the magnetic flux, is 
responsible for production of a torque. The 
permanent magnet is preferably made of an aniso- 
tropic aluminium-cobalt-iron alloy and is con- 
veniently shaped in the form of a cylinder able to 
rotate about its central longitudinal axis. When 
incorporated in indicating and measuring instru- 
ments, etc., the terminals will be made of hair- 
springs, which, in addition to conducting the 
electric current, will also supply an appropriate 
counter-torque, as is usual in measuring systems 
in which indication takes the form of deflection of 
a pointer over a dial. In the new system, the de- 
flection will be proportional to the current flowing 
through the magnet and to the magnet strength, 
and, what is important, the relationship between 
the deflecting torque and current magnitude will 
be linear. It is claimed that this device has con- 
siderable advantages over the conventional moving- 
coil or moving-iron system used in electrical 
instruments. Moreover, considerations of mechan- 
ical clearances are eliminated. 





For further information on developments 
reviewed in THE BLUE PAGES, readers 
are invited to write to the Editor. 
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Send for our booklet ‘ Heat Insulation of 

LASS CS Factory Plant and Buildings’; it tells the 

F IBRE i¢ e718. TRADE MARK whole story and is complete with working 
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Compound Gas Prime Movers 


By J. SHAPIRO. 


The gas turbine occupies an important place in present-day prime mover development. 


From a more 


general point of view, the advent of the gas turbine in the realm of practical engineering has helped to focus 
thought on the thermodynamics of the gas cycle and on the similarities and distinctions between various 
mechanisms by means of which the processes of the gas cycle are performed. 


WHEN discussing thermodynamic principles in relation 
to mechanical means, it is useful to recall an 
account of the early history of Rudolf Diesel’s 
invention. It is said that he was animated by the desire 
to embody the most efficient and perfect thermodynamic 
cycle, namely the Carnot cycle, in a prime mover using 
a gaseous medium. Translated into pressure-volume 
terms the Carnot cycle, performed on gas, looks horribly 
“thin.” In fact, Diesel could not get his engine to move 
itself, let alone anything else. The embodiment of the 
Carnot cycle was associated with friction losses greater 
than the power derived from the process. Thereupon, 
Diesel began to “‘ fatten”? his diagram by introducing 
heat addition at constant pressure and so, it is alleged, 
the diesel engine was born. 

In theory, of course, the ideal thermodynamic cycle 
for transforming heat into work is the Carnot cycle 
formed by two isothermal and two adiabatic processes. 
However, when a substance with the properties ap- 
proaching those of a perfect gas is the working medium, 
such a cycle cannot even be the goal of practical engineer- 
ing. Allowing for some over-simplification, the ideal 
gas cycle is the “‘ ideal constant-pressure cycle,” con- 
sisting of two isothermal and two constant-pressure 
processes. It has been pointed out that, when inter- 
change of heat between portions of the working medium 
at different stages of the cycle is admitted, such a cycle 
approaches the Carnot cycle. Assuming that perfect 
heat exchange can be accomplished in a gas cycle of the 
ideal constant-pressure type, this cycle becomes thermo- 
dynamically identical with the Carnot cycle. 

It is important to realize that, when there is no heat 
exchange, the constant-pressure cycle forms a separate 
standard of excellence, a standard most appropriate to 
prime movers using gas as a working medium. The 
reason for this is that all prime movers must be embodied 
in mechanisms and structures whose capacity is deter- 
mined by the resistance of their materials to temperature 
and pressure. Furthermore, the working medium must 
be drawn from a source of ambient temperature and 
pressure. Thus, it is obvious that the most efficient 
method of arranging the working cycle of a prime 
mover is to maintain it in accordance with the highest 
temperatures and pressures permissible and the lowest 
temperatures and pressures available. 

For the sake of an orderly approach, it is advisable to 
subdivide the field of compound or composite prime 
movers into several parts. The appropriate dividing 
lines are, on the one hand, the introduction of a working 
medium which undergoes a change of phase during its 
working cycle (vapour-liquid systems), and, on the other 
hand, the use of heat interchange. Work with more than 
one medium in a single plant introduces an entirely 
different degree of complexity than work with different 
types of mechanism using the same medium. Heat 
interchange, as distinct from the absorption or rejection 
of heat from combustion or by liquid cooling, involving, 
as it does, heat transfer at a vanishing temperature 
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differential between two gaseous media, requires major 
engineering plant of its own, and leads to large-size 
installations. It is therefore proposed to devote this 
review to the compounding of gas cycle machinery, 
excluding vapour cycles, and without heat exchange 
between two gaseous media. 

It is sometimes held that objections to the inclusion 
of vapour cycles and heat exchange can be applied 
equally to the mixing of heat-engine elements of different 
types. Indeed, all original developments of gas prime 
movers were actuated by the desire to replace the 
inevitable complexity of steam plant by machinery 
combining all the processes of the working cycle within 
a single unit. 

The constant-volume process, from the point of view 
adopted here, is simply part of a cycle which does not 
make full use of the maximum pressure permitted by the 
nature of the mechanism and its materials. The com- 
pound gas prime mover is not primarily intended for the 
embodiment of gas cycles fundamentally different from 
the standard cycle of the simple constant-pressure gas 
turbine. 

What distinguishes the gas turbine from other gas 
engines is not the gas cycle, but the mechanical elements 
by which the potential energy of a compressed gas is 
converted into mechanical work. 

The departure from the pure “ rotating-flow 
machine ” as the only type of converter between fluid 
energy and mechanical work, introduces a variety of 
separate principles not always appropriately dis- 
tinguished. Firstly, there is the flow principle versus 
the displacement principle. Secondly, there is the 
rotating motion as opposed to a translational motion. 
Thirdly, a machine may produce fluctuating (inter- 
mittent) or continuous motion. 

Many combinations of these three separate features 
are possible and have been attempted. A few combina- 
tions are impossible, such as translational continuous 
motion. Some are of a wholly academic or impracticable 
nature, such as the flow principle associated with trans- 
lational motion. This elimination leaves only a few 
combinations of practical merit. 

In this context it is important to note that the dis- 
placement principle is inherently more suitable for 
dealing with high pressures than the flow principle and 
that the efficiency of compression by displacement is 
independent of the volume flow. The limitations upon 
compression in rotating-flow machines are associated 
with flow phenomena, such as flow separation and shock, 
leakage, the shape of blading, skin friction, high ro- 
tational speed, and the number of stages. Moreover, 
every rotating-flow compressor has an unstable region 
of operation (surging). The displacement compressor 
has its own limitations, which differ from one type to 
another but, without attempting a general demarcation 
of its practical field of application, pressure ratios up to 
40 can be achieved in a single piston unit in instan- 
taneous compression. In contrast with flow machines, 
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the important limitation on volume is, in practice, the 
size and weight of the displacement unit needed for 
large volume tlows, whilst there is virtually no limit on 
small volume flows. 

The second fundamental point is that an inter- 
mittent device can preserve a much larger temperature 
drop between the maximum temperature of the fluid 
medium and the maximum temperature of the wall in 
which it is confined than a continuous device, provided 
that in both cases the walls are equally cooled and the 
fluctuations of the intermittent device are fast enough. 
In practice this is true of all reciprocating gas engines. 
The phenomenon is due to sluggishness of heat transfer 
and conduction, and simply means that, owing to this 
delay, a cooled wall in contact with a fluid of fluctuating 
temperature assumes a temperature corresponding to the 
mean temperature of the fluid and not its maximum 
temperature. 

This situation is fundamental and is not related to 
constructional difficulties of cooling, which are often an 
additional drawback of high-speed rotating-flow ma- 
chines. 

The gas-turbine designer is accustomed to view 
problems of the temperature resistance of materials not 
sO much in terms of temperature and pressure as in 
terms of temperature and stress created by centrifugal 
loads. For the purposes of this discussion, it can be 
assumed that the temperature in question is that at 
which a given set of requirements, expressed by stress 
and life, has to be met. Speaking very broadly, basic 
advances in the creation of new temperature-resistant 
materials would ultimately improve both rotating-flow 
machines and displacement mechanisms. 

The displacement principle can be profitably applied 
in some gas turbine installations by the complete or 
partial replacement of a flow compressor by a displace- 
ment compressor, still leaving the whole of the expansion 
to the turbine. This is a logical step, because, of the two, 
the compression process is the more difficult to accom- 
plish, when a combination of small output, high pressure, 
and high efficiency is necessary. Displacement com- 
pressors in conventional engineering practice can be 
divided into three classes :—The most common is the 
reciprocating piston compressor driven by a shaft 
through a crank mechanism. The sliding-vane rotary 
compressor is extensively used, but no rotary piston 
compressor has yet become a practical machine. Finally, 
there is the rotary compressor, in which the displacement 
is caused by kinematic intermeshing of two rotating 
bodies. Displacement compressors belong to a separate 
branch of engineering, without a detailed study of which 
it would be impossible to discuss intelligently the 
potentialities of different types for gas-turbine installa- 
tions in general. In practice, the only displacement 
compressor developed seriously for this application is 
the Lysholm compressor, belonging to the last of the 
three types enumerated, this being a continuous rotary 
displacement device. 

The next step in the introduction of displacement 
devices into gas turbine installations is a division of the 
thermodynamic cycle into two or more parts. That 
part of the cycle associated with high pressures and tem- 
peratures and small volumes is appropriately handled 
by displacement mechanisms, usually of the intermittent 
type. The remainder of the cycle, associated with large 
volumes (and velocities) and low pressures and tem- 
peratures, is most efficiently performed by a rotating- 
flow machine. 

The purpose of such a subdivision is, in the first 
place, the attainment of a compromise between the two 
extremes. If we sum up the present situation of piston 
and turbine gas engines by saying that the former 
produce prime movers of high efficiency and moderate 
specific output and the latter those of moderate efficiency 
and high specific output, it is natural that in some appli- 
cations intermediate magnitudes of efficiency and output 


6 


should be sought. Often of more importance, however, 
are the properties of the prime mover, apart from 
efficiency and specific output. Among these, the main 
concern of power engineers is with the following :— 
Maintenance of efficiency over a range of partial loads; the 
starting, control, and reversing facilities; the form in 
which mechanical energy is available (high or low speed, 
constant or variable torque-speed characteristics) ; the 
influence of atmospheric conditions on output, efficiency, 
and operation; the availability of overload capacity ; 
the architectural and service facilities required by the 
installations ; the flexibility of layout in confined spaces 
and of break-down for transport; and finally the 
facilities for and cost of maintenance. In enumerating 
these requirements a specified degree of reliability is 
naturally taken for granted. 

Since displacement mechanisms are unable to deal 
with large flow volumes, all gas prime movers relying 
entirely on displacement converters must cut their gas 
cycles short of the large volumes resulting from complete 
expansion. Thus, incomplete expansion leaves re- 
coverable energy in the exhaust of piston gas engines. 
Gas turbines are often used to complete the expansion 
under the heading of waste heat utilisation. This 
practice suggests that the compound installation is 
capable of embodying a better approximation to the 
ideal thermodynamic cycle and consequently has an 
inherent advantage over both pure types of machine 
and not merely the capacity of achieving a compromise 
between the advantages and disadvantages of either. 

The practical attainment of these theoretical po- 
tentialities of compounding is associated with so many 
additional factors that no general proposition is easy to 
uphold. It is, however, undeniable that another weapon 
in the armoury of the power engineer holds potentialities 
of improvement not otherwise available. In practice, no 
compound engine installation has so far been able to 
claim an efficiency exceeding that of the best prime 
mover, i.e., the unsupercharged four-stroke com- 
pression ignition reciprocating engine (diesel). However, 
compound gas engine installations are in their infancy 
and may well develop faster than either the pure gas 
turbine or the pure reciprocating machine. 

Nevertheless, even the few compound installations 
already in operation have achieved a combination of 
qualities far beyond a mere compromise between their 
elements. For land and marine duties the free-piston 
turbine combination can claim an efficiency equal to 
that of the best diesel engine, together with a specific 
output equal to that of the simplest rotating-flow gas 
turbine plant, quite apart from other outstanding 
qualities. In a different way, the same applies to another 
practical compound scheme, embodied in the Napier 
“Nomad” engine. It must be concluded, therefore, 
that among the innumerable alternatives of compound- 
ing, there are some in which the elements co-operate 
beneficially to produce a result better than could be 
expected from the individual elements. 

The classification of the numerous types of compound 
prime movers, many of which have remained in the 
suggestion box, or at most in the project stage, is best 
undertaken firstly by the extent of the subdivision of the 
working cycle, and secondly by the nature of the mechan- 
ical interconnection between the elements of the 
compound installation. 

Starting with the turbo-supercharged piston prime 
mover, we have an arrangement in which only a small 
part of the total energy transformation is accomplished 
in the rotating flow components. The most common 
representative in this group is the Biichi system, 
applicable to a four-stroke diesel engine. In this system 
the exhaust gas from the engine is released before full 
expansion has taken place and made to drive the gas 
turbine which, in turn, drives the supercharger. In 
practice, supercharging greatly increases the specific 
power of the piston engine but has little effect on 
efficiency. The rotating-flow elements have no mechani- 
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cal connection with the power output of the diesel 
engine, and hence the operation of the system depends 
on the availability of adequate power in the exhaust to 
drive the supercharger under all conditions, especially 
those of partial loads. 

Recently, the system has been critically re-examined, 
both by analysis and by experimental measurements, 
and it has been found that in many cases the engine 
suffers excess pressures which have been responsible for 
some adverse results. It is now an accepted premise that 
supercharging must be judged by its effect on engine 
performance, efficiency, and life, with the proviso that 
a given maximum pressure is not exceeded. Thus, the 
Miller-Nordberg supercharging system seeks to ensure 
in operation a controlled limitation of maximum 
pressure. 

It is well known that two-stroke diesel engines 
cannot be successfully supercharged in this manner and 
that in certain states of operation a contribution from 
engine power is required. 

The turbo-supercharged diesel engine cannot really 
be considered as a compound prime mover, because in 
such a plant the reciprocating piston engine performs the 
major part of the energy transformations. Several 
designers have endeavoured to ascertain the results of 
increasing the degree of supercharging to a point where 
the rotating and reciprocating components perform 
energy transformations of the same order. At some point 
the maximum pressure in the diesel cylinder is exceeded. 
Beyond this point, if the supercharging pressure is 
further increased, the diesel engine begins to lose its 
share of the power delivered, but excess power appears 
on the supercharger shaft. Consider the extreme 
condition in which the diesel engine has lost all its power 
and the supercharger shaft delivers the whole power 
of the installation. In this condition the diesel engine 
acts merely as the equivalent of a combustion chamber 
in a gas turbine. It is obviously distinguished from a 
constant-pressure combustion chamber by the fact that 
the gas in it takes part in a compression and expansion 
process. Externally, such a ‘‘ combustion engine ”’ will 
differ from a combustion chamber by raising the pressure 
of the gas. In other words, the combustion outlet 
pressure will be greater than its inlet pressure. The same 
result would be obtained in a so-called explosion gas 
turbine. In practice, neither the piston-type nor the 
pistonless combustion engine has so far been found 
attractive and its discussion in this context is of interest 
only to indicate a gap in the pattern of classification. 
The reason for this lack of interest is mainly the superior- 
ity of other systems mentioned below. The difficulty is 
fundamental. In this scheme the energy conversion in 
the reciprocating component, instead of delivering 
excess power above that of a constant-pressure com- 
bustion chamber, increases the pressure energy of the 
gas. Since the pressure level is raised, mixing is im- 
possible and the whole mass flow of air must pass 
through the reciprocating component. 

The next category of compound prime mover is 
known as the gas generator engine. Here, a piston 
engine drives a compressor, by means of which the air 
is compressed before entering the power cylinder. The 
exhaust of the engine, still at an elevated pressure, is 
used to drive a gas turbine, which delivers all the useful 
power. Some air from the compressor is by-passed to 
the turbine, after mixing with the heated exhaust gas 
from the power cylinders. There may, or may not, be 
additional constant-pressure combustion between the 
piston engine and the turbine. The free-piston gas 
generator is the most important representative in this 
group. 

Finally, all three elements, namely compressor, 
piston engine, and turbine may be intergeared, so that 
the useful power is developed partly by the piston 
engine and partly by the turbine. This combination is 
known as the “ geared ” compound engine. 
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There are, of course, many addit‘onal variations of 
these schemes. For instance, the compressor may be 
split into two or more stages, of which one is associated 
with the turbine and the other with the reciprocating 
engine. The turbine may also be split into a separate 
power turbine and another turbine, used only to assist 
in driving the compressor. The aggregate may be 
supercharged by a mechanically independent com- 
pressor set, if the variation in atmospheric conditions, 
such as is encountered by aviation engines, is the main 
purpose of supercharging. 
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Among proposed schemes with subdivided compres- 
sion, there is one with a special distinction from the 
thermodynamic point of view, the discussion of which 
clarifies some problems of compounding. The cycles of 
the gas generator scheme are shown in Fig. 1 (not to scale), 
representing pressure-volume diagrams of the three separ- 
ateelements. The reciprocating engine diagram is shown 
at (A), whilst (B) and (C) are the cycles of the compressor 
and turbine respectively. If the compressor is also of 
the reciprocating type, its diagram is modified by the 
broken line. The important point about the engine 
diagram is the incomplete expansion at (D), sometimes 
known as the “‘ toe’ of the diagram, and referred to as 
the ‘‘ toe loss.’’ Fig. 2 shows a cycle avoiding the toe 
loss, as proposed by Metropclitan-Vickers. This calls 
for two compressor stages, the first stage to deliver air 
to the engine cylinder and to the second compressor 
stage. The engine exhausts at the delivery pressure of 
the second compressor stage and the two deliveries are 
mixed to reduce the ternperature of the exhaust. An 
engine embodying this cycle must necessarily be a four- 
stroke engine. 

A survey of the performance of compound power 
plants in general terms can be given only if many 
assumptions are accepted as sufficiently representative 
to preserve the generality of the study. Some of these 
are universal in reciprocating engine practice, but others 
need emphasis because they are subject to appropriate 
design and development. The latter can be stated as 
follows : 

(1) Maximum permissible cylinder pressure is limited 
to 1300 psia. 

(2) Compressor efficiency is 80°,,. 

(3) Turbine efficiency is 85°,. 

(4) The engine is a two-stroke engine with scavenging 
consuming 30°, excess air. 

(5) The pressure of the air drops by 10°, between 
compressor outlet and engine exhaust. 

(6) The loss due to incomplete expansion of the engine 
(“* toe loss ””) is taken into account, and additional 
curves are given, based on the assumption that by 
some means this Joss is entirely recovered. 








On these premises, the curves in Fig. 3* (see p. 36) 
give the specific fuel consumption with and without toe 
loss recovery, the specific power per lb of air under the 
same assumptions, and the air fuel ratio, plotted against 
the ‘‘ working pressure,” i.e., the turbine inlet pressure. 
In these curves, the gas generator and the geared type of 
compound engine are compared. The superior efficiency 
of the geared type at a low working pressure is nothing 
more than an indication of the superiority of the reci- 
procating engine. It is interesting to compare these with 
the actual test results of an existing free-piston gas 


generator installation. The specific fuel consumptiva 
of the real gas generator is about 10°, better than that 
based on the assumptions made at this point. The 
special features of the free-piston gas generator re- 
sponsible for its superior efficiency have already been 
discussed. + 


(Concluded on page 36) 


*Based on Fig. 13, p. 657, of S.A.E. Journal, Vol. 3, No. 4, 
October 1949. 


+ The Engineers’ Digest, June 1953, pp. 201-203. 


New Developments in Liquid Heating of Plastics-Processing 


Machinery 


By P. L. GEIRINGER and F. HASSELRUS. (From Mechanical Engineering, Vol. 75, No. 12, December 1953, pp. 957-962, 
986, 11 illustrations.) 


This paper explains the superior ability of liquid heat carriers to meet the increasingly stringent require- 

ments of the plastics industry. The principles which must be understood in order to gain the full advant- 

ages of the application of liquids are reviewed briefly, and the special requirements of calenders, extruders, 
injection-moulding machines, and plastics presses are discussed. 


NEw plastics and higher production speeds create so 
much frictional heat in plastics that, for proper control, 
both cooling and heating must be applied, with a smooth 
transition from one to the other. Water cooling in 
combination with steam heating has not produced good 
results and has caused considerable damage to equip- 
ment. Liquid heat carriers provide smooth control 
from full heating all the way to full cooling, and this 
accounts to a large extent for their popularity today. 

They offer the following major advantages to the 
plastics industry :— 

(1) Uniform temperatures over the entire heat-transfer 
surface. 

(2) Full-range heating and cooling over wide tempera- 
ture ranges. 

(3) Accurate temperature control with rapid response. 

(4) Separate control of a number of individual tem- 
perature zones with one compact heating and cooling 
unit. 

(5) Programme temperature control of heating and 
cooling. 

The heat-transfer requirements of modern plastics 
machinery cannot be met by superficial engineering. 
The cost of properly designed heat-transfer equipment 
is usually small compared with the losses resulting from 
poor production. While liquid heat carriers have much 
to offer, their application requires an understanding of 
certain fundamental principles and a sound background 
of experience. 


Liquip HEATING DESIGN CONSIDERATIONS. 

Selection of a Suitable Liquid Heat Carrier. The 
liquid heat carrier selected must have a range of tem- 
perature sufficiently great to permit maintaining the 
anticipated plastics-processing temperatures, and satis- 
factory heat-transfer properties. Table I lists a few 
representative plastics materials and their approximate 
extrusion temperatures. Some important plastics have 
processing temperatures well in excess of 500° F. 


TABLE I. EXTRUSION TEMPERATURES OF PLASTICS. |! 
Material F 
Vinyl . as ie rie 350-390 
Ethyl cellulose oy ; 370-440 
Polyethylene 400-530 
Fluorethene .. 550-600 
Nylon.. 450-625 


Some currently used alii aie with the 
approximate temperature ce ag in which they have 
been applied, are given in Table I 
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TABLE II. Liquip HEAT CARRIERS. 
Recommended oes temperatures 
Minimum Maximum 

Water 40 | 400-450 
Heat-transfer oils 100 | 500-550 
Diphenyl] chlorides (Aro- 50 | 550-600 

chlors) | | (Hydrotherm 500) 
Ary] silicates 0 600-650 

. ; (Hydrotherm 700) 

Diphenyl, diphenyl-oxide 

mixture (Dowtherm) 70 650-700 
Tetra cresyl silicate 50 750-800 
Eutectic salts | 320 1000-1200 





It is difficult to recommend maximum operating 
temperatures for all liquids, because these limits depend 
not only on the nature of the liquid, but also on the 
design of the equipment, especially that of the heater. 
The heater must be designed carefully to prevent hot 
spots from causing decomposition and other difficulties. 
Forced-circulation heaters are especially satisfactory for 
this purpose. The heat-transfer properties of the heat 
carrier, such as the specific heat, viscosity, density, 
thermal conductivity, and the range of practical heat- 
transfer coefficients, must be considered as well as 
pumping requirements, leakage characteristics, decom- 
position, corrosion, etc. Water has the best heat-transfer 
coefficient and the best overall properties, but for high 
temperatures, over 450° F, excessively high pressures 
are required. The other liquids listed in Table II may be 
used at low pressures. Heat-transfer oils generally have 
the poorest heat-transfer properties and the highest 
viscosities at lower temperatures. 

Design of Circulation Passages. The design and ar- 
rangement of the liquid passages must be considered 
carefully if the full benefits of liquid heat carriers are to 
be obtained, as in the design of any heat exchanger. The 
quantity of liquid which should be circulated through 
the passages depends upon the amount of heat that must 
be added or removed, the temperature drop which the 
fluid may be allowed to suffer between entering and 
leaving the machine (as determined by the permissible 
temperature variation of the heat-transfer surface), and 
the specific heat of the liquid. The cross-section of the 
circulation passages should be determined by the liquid 
velocity which will result in the optimum heat-transfer 
coefficient. High liquid velocities must be obtained in 
the passages, where good heat transfer is needed in order 
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Fig. 1. Temperature gradients across heat path. 
to obtain high film coefficients and correspondingly low 
temperature drops across the heat path. 

Fig. 1 shows a representative diagram of the tem- 
perature gradient across the heat path. Usually, the 
temperature drop across the metal wall is relatively 
small, making it comparatively easy to obtain accurate 
temperature measurements in this region. The tem- 
perature difference 9, determines the amount and the 
direction of the heat flow in accordance with the equation 

= U A 6, where the area A and the overall coefficient 
of heat transfer U are fixed. For satisfactory temperature 
control it is not good practice to vary the liquid velocity, 
but rather to maintain high velocities and corresponding- 
ly a high film coefficient on the liquid side at all times. 
Some liquid-heating control systems vary temperature 
and heat transfer by throttling the rate of liquid flow. 
In these systems the surface uniformity suffers and the 
control becomes sluggish, resulting in a poor control of 
temperature. 

It will be noted from Fig. 1 that a substantial tem- 
perature drop can occur in the scale. This can be 
avoided by the proper use of liquids, since liquid systems 
are closed and impurities cannot enter the circuit from 
the outside. 


PLASTICS-PROCESSING MACHINERY. 


Processing of plastics requires a number of basic 
steps. The first is mixing or ,compounding. Next, the 
plastic must be.“ plasticised ” or rendered into a plastic 
and homogeneous state at a higher temperature. After 
shaping or forming, it must be cooled. The mixing of 
plastics often requires considerable kneading of the 
plastic mass, with simultaneous heating. Plasticising 
also requires kneading or mulling, together with heating, 
in order to produce a uniform plastic temperature. In 
some cases the plastic is viscous enough to be heated 
mainly by the frictional work done on it, while in other 
cases most of the heating must be done by heat conduc- 
tion. Screw extruders and calenders often produce so 
much frictional heat that cooling of the material is 
required. In the case of extrusion, cooling is important 
around the feed hopper, in order to keep the mass stiff 
enough to permit the feed screw to force it through the 
machine. 

During the plasticising process, the plastic mass 
must be raised to a closely specified temperature, in 
order to meet the requirements of the forming process, 
and to prevent damage to the plastic as a result of over- 
heating. Injection moulding requires that the plastic 
mass be injected into a cooled mould at a viscosity, 
temperature, and pressure sufficient for it to reach all 
parts of the mould before solidification takes place. 

Thermoplastic materials require a final cooling 
phase, which in some cases is critical, since excessively 
fast cooling may produce stresses in the finished plastic. 
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Thermosetting plastics require a curing phase, during 
which the setting reaction takes place. Careful tempera- 
ture control is needed in the mould during this phase. 

Each type of equipment and each type of plastic 
evidently require heating and cooling at various phases 
of the process of conversion of the raw plastic into the 
finished product. In some types of equipment the 
plastic moves, passing a series of temperature regions, 
each having its own temperature-control problem. 
In other cases the plastic is retained in a container and 
the adjacent heat-transfer surfaces are subjected to a 
series of different temperatures in order to process the 
plastic. A more detailed discussion is required, to bring 
out the special requirements of each type of machine and 
plastic material. 


CALENDERS. 


Four-roll calenders are used currently for calender- 
ing plastics such as vinyls. The plastic is forced into 
banks before being forced through the nip between 
pairs of rolls. In these banks substantial frictional 
heating is created in the plastic. This, together with heat 
conducted from the roll, produces the proper processing 
temperature. If the roll speeds are higher than about 
45 yards per minute, so much excess frictional heat is 
produced in many vinyl compounds that cooling is 
required. Depending upon the operating conditions, 
each roll must be maintained at a different temperature, 
which may represent either heating or cooling. High- 
temperature water has been found to provide accurate 
control of heating and cooling for each calender roll. 
Steam cannot provide successful heating and cooling, 
while water injection has not been found to be satis- 
factory.2, Steam-heated plastics calenders therefore are 
being converted rapidly to use high-temperature water. 
New designs have completely abandoned steam heating. 

Drilled rolls are now going into nearly all new 
calenders, permitting utilisation of the full roll width’. 
Cored rolls also have been found to operate satisfactorily 
with high-temperature water, when adapted properly, 
although drilled rolls are preferable. 

For the processing of most vinyl films, roll tempera- 
tures of 300 to 350° F are required, making high- 
temperature water the most practical heat carrier. In 
general, a deviation in the proper roll surface tempera- 
ture greater than 5° F cannot be tolerated. 

Design of Circulation System. Fig. 2 shows a circuit 
for heating and cooling of calenders, which also may be 
used in other plastics applications. Two fluid circuits 
are provided, one passing through a heat source, which 
may be heated electrically, by steam, or by direct fire, 
and the other passing through the cooler. These two 
water circuits are made available in front of each roll or 
zone and may be mixed in accordance with the quantity 
and direction of heat flow to or from the roll, to maintain 
any required temperature manually or automatically. If 
heat has to be absorbed, water at a temperature below 
the roll temperature is admitted ; if heating is required, 
the temperature of the water is above the roll temperature. 
It may or may not be necessary to provide a separate 
pump for each control circuit. However, such a pump 
makes it possible to maintain a constant rate of circula- 
tion through the circuit at all times, permitting a smooth 
transition from heating, to neutral, to cooling. Fully 
automatic systems of this type can maintain temperatures 
of one roll to a tolerance of 1 

Temperature Control. Temperature control presents 
one of the greatest problems facing the plastics industry 
to-day. The difficulty does not lie in a lack of accurate 
instrumentation, as has been demonstrated by the num- 
ber of eminently successful installations to date, but 
rather in the means of heating and the problem of ob- 
taining a suitable means of indicating the temperature 
of the plastic itself. 

The real problem is to maintain a constant plastics 
temperature. Fortunately, in calender operation, the 
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roll surface temperature is close enough to the plastics 
temperature for control purposes. 


EXTRUDERS. 


The conventional plastics extruder produces various 
shapes by forcing the plasticised material through a die. 
A screw, continuously rotating, takes cold plastic 
granules or powder from a hopper and plasticises the 
material by a combination of frictional heating and heat 
transfer in the cylinder of the machine and forces it out 
through the die. In Table III, a typical set of tempera- 
ture conditions for extrusion of polyethylene is shown. 


TABLE III. TypicaL POLYETHYLENE EXTRUSION TEMPERATURES. 


F 

Feed hopper re os fr 80 
Cylinder : 

Back 6s re is os 300 

Middle oA ee om ae 400 

Front si - os iy 430 

Head 5 és es i 460 
Die .. ss Pee 480 
Screw coolant ay es 115-185 
Compound temperature 400-430 


In general, carefully controlled cooling is required in 
the vicinity of the hopper to keep the viscosity high 
enough for the screw to “ grip” the plastic. Then, 
heating is applied through the cylinder jacket in order 
to raise the plastic to a suitable temperature for forming. 
A considerable variation exists in the amount of frictional 
heat created by different types of plastics at different 
screw speeds, and also in the temperatures required at 
different zones of the extruder. 

So that the machine may be versatile enough to take 
care of the requirements of different plastics, it is usually 
necessary for at least three independent heating zones 
to be provided, together with a hopper cooling zone 
and separate die zone, in order that the temperature 
differential between zones can be adjusted to suit the 
plastic and the speed at which it is being extruded. 

In addition, it is often extremely important to cool 
the screw. For instance, in the processing of poly- 
ethylene, it has been found that the screw temperature 
is a very sensitive control of the amount of work done 
by the screw on the plastic, and therefore of the entire 
operation’. To obtain the greatest output from a given 
extruder, there is an optimum screw temperature for 
each screw speed. 

Some plastics require cylinder temperatures over 
600° F. For a plastics machine to handle plastics such 
as nylons and fluoro-carbons, it is necessary to use a 
heating medium which can withstand these high operat- 
ing temperatures. Steam and water cannot be used, 
owing to the high pressures required. Oils cannot 
withstand these temperatures without breaking down. 
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FACTORY SYSTEM 


Liquid heating and cooling systems for calenders. 


Electrical heating is commonly used, 
but hot spots and non-uniform heating 
result and the units are excessively slow 


HAND OPERATED in cooling off, resulting in plastic damage 
er eee and poor production. In addition, since 
a large amount of frictional heat is often 
produced in the compound, a direct elec- 
a trically heated extruder can seldom be 
applied without producing a pulsating 
extrusion unless a means for removing the 
AUTOMATIC excess heat is furnished.® As a _ result, 
3-WAY VALVE some plastics extruders are now heated 


electrically and cooled by means of cir- 
culating air, steam, or liquid passing 
through channels in the extruder cylinder 
to obtain the desired flexibility, better 
temperature control, and temperature 
uniformity. 

Proper application of liquid heat car- 
riers can make electrical heating un- 
necessary, greatly simplifying the heat- 
control system and making possible the 
use of economical fuel-fired heaters, 
rather than costly electrical heat. 

Many extruders in current use are heated by hot oil 
supplied by a constant-temperature source and throttled 
to each zone by means of hand valves. This system does 
not permit cooling, nor does it give satisfactory tempera- 
ture control. Users complain of the time lag required for 
a valve adjustment to produce a temperature change, 
and of the non-uniformity of temperature. Such crude 
systems cannot achieve good results, as they violate 
several of the principles already mentioned. A circula- 
tion and control circuit similar to that shown in Fig. 2 
can be used, permitting full control of heating to cooling 
in each zone, as required. 


INJECTION MOULDING. 


In the process of injection moulding, the ram of the 
injection cylinder takes the thermoplastic material from 
a hopper, pushes it by a reciprocating motion through 
the cylinder and injects it with a relatively high pressure 
through a nozzle into a mould. During the time that the 
plastic mass is being worked down the cylinder, heat 
must be added to bring the plastic to the proper in- 
jection temperature. 

One of the limitations placed on the output of an 
injection-moulding machine is the mass of plastic which 
can be heated uniformly to the required moulding 
temperature. Injection-moulding temperatures for 
styrene and nylon range from 400 to 700° F. Higher 
temperatures are usually desirable, since they increase 
the capacity of the machine substantially. There is 
considerable demand within the industry to make 
available injection machines which raise larger masses to 
increasingly higher temperatures. Up to now, electric 
heating has been used almost exclusively for heating 
injection-moulding machines because of the insufficient 
heating area available in older machines. 

The Preplasticiser. High-temperature liquids find 
their application in the injection- -moulding process in 
two places, i.e., for cooling the mould, and for heating 
the preplasticiser. Preplasticisers are now being in- 
corporated into modern injection-moulding machines in 
order to make possible the tremendous increase in 
capacity and the high processing temperatures required 
to-day.® 

When a preplasticiser is used, the injection cylinder 
is not required to heat the material from room tempera- 
ture to moulding temperature, or to perform the 
function of producing a homogeneous mass, so that there 
is no longer any need for the torpedo. Owing to the 
increased heating capacity of the combined unit, much 
larger quantities of material can be handled. High- 
temperature liquids can be applied to the preplasticiser 


THE ENGINEERS’ DIGEST 





anc 


fac 
gel 
rec 
the 


col 
col 
ten 


adi 
is t 
ten 


cai 
cir 
po 
PL 


tre O Or KR 


~~ 


vw So ww TP wD Om eS 


ar we las Ue 





in much the same way as they are applied to extruders, 
and offer the same advantages. 

The Mould. At one time it was considered satis- 
factory to cool the mould with cold water. Now, it is 
generally realised that accurate temperature controls are 
required, providing not only for cooling but for heating 
the moulds. Thermal stresses are caused in many of the 
modern plastics unless the mould temperature can be 
controlled closely. Since the moulding operation is 
controlled automatically, it is important that the mould 
temperature be maintained reasonably constant, in spite 
of the cyclic nature of the moulding cycle. One of the 
advantages of liquid, heating media for this application 
is their ability to prevent sudden reductions in the mould 
temperature, should the machine be stopped. 

Numerous moulding difficulties have been traced 
to wide temperature variations between the mould 
cavities. These variations are usually the result of 
circulating the heat transfer medium too slowly and in 
poorly designed passages.’ 


PLASTICS PRESSES. 

Plastics presses, usually hydraulically operated, are 
used for compression or transfer-moulding thermo- 
setting or thermoplastic materials, as well as for laminat- 
ing. As distinguished from the plastics operations 
just discussed, wherein the plastic flows from one 
temperature zone to another, plastics-press operations 
usually require that the plastic material remain in place 
while a series of temperatures is applied in a controlled 
cycle. 








HOLDING 
Mae 
ae 
=! 
= 
< 
a} 
a 
2 HEATING ‘one 
= 
TIME 
Fig. 3. Plastics press time-temperature cycle. 


Modern plastics presses are equipped with automatic 
hydraulic cycling equipment, which can be adjusted to 
close, dwell, and open in planned cycles, exerting 
exactly the required pressures on the plastic for the 
time required to produce the desired results. The time 
of the cycle depends upon the nature of the operation, 
the type of plastic, and the temperature of the platen. 
For this reason it is necessary for the temperature-control 
equipment to work directly in conjunction with the hy- 
draulic cycle—heating up, maintaining the desired tem- 
perature, and cooling on a cycle, such as that illustrated 
in Fig. 3. Water is most commonly used for tempera- 
tures below 400° F. Liquid heating systems for presses 
and dies are at present under construction with surface 
temperatures of 800 to 1000° F. These systems can be 
adapted to plastics processing, should such temperatures 
be needed. 

Many press installations still use steam heat with 
water injection. This procedure produces tremendous 
thermal shocks and scaling of the heat-transfer passages, 
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Fig. 4. Press heating and cooling system with accumulator. 
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and for a number of reasons limits the rate and quality of 
production. More and more of these presses are being 
converted to liquids. 

Liquids make possible the use of heat-accumulator 
systems to relieve the instantaneous load on the heating 
plant. Fig. 4 shows a liquid heating and cooling system 
incorporating an accumulator. It can be seen that this 
is essentially the same system used for calender heating, 
except that an additional pump is used to circulate hot 
liquid between the heater and the accumulator, raising 
its temperature during the non-heating portion of the 
press cycle. 
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Fig. 5. Effect of liquid heat accumulator on boiler load. 
(A) Steam consumption with steam applied directly to the platens. 
(Diagram registered automatically). 

(B) Steam consumption for high-temperature hot water heating. 
Diagram designed from actual measurement). 

(C) Steam consumption for high-temperature water heating, utilising 
an accumulator of 875 cu ft capacity. 


Fig. 5 shows a comparison between the instantaneous 
steam consumption of a typical platen press and that of 
the same press heated with water, with and without an 
accumulator. High-temperature water requires a 
maximum rate of 13-5 tons of steam per hour, compared 
with a rate of 17 tons of steam per hour for steam heating. 
When an accumulator of 875 cu ft capacity is added to 
the system, the maximum rate of steam consumption is 
reduced to only 6 tph. The heating plant for the system 
using an accumulator would need to be only one third 
the size of that needed for the direct-steam-heated 
press ; or, to put it another way, it would be possible 
to triple the number of presses served by a given boiler 
installation by converting from steam to high-temperature 
liquid and using an accumulator. 
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Mechanism of Combustion Gunpowders and Explosives 


By C. H. JOHANSSON. 


THE following considerations refer to gunpowders of the 
nitrocellulose type and to secondary explosives, i.e., 
explosives which burn at a controllable rate without 
detonation. Their combustion is not an oxidation in the 
usual sense, but an exothermic decomposition process. 
At atmospheric pressure, the rate of combustion is of the 
order of some millimetres per second, or roughly 
one 10,000,000th of the rate of detonation. 

It is remarkable how many theories have been 
advanced regarding the mechanism of combustion of 
powders and explosives.' According to early theories, 
developed between 1920 and 1930 in connection with 
experimental investigations (for instance, by Muraour), 
it was considered that decomposition and release of 
energy took place in the solid or liquid phase. Muraour 
found experimentally that the rate of combustion is 
approximately proportional to pressure and explained 
this by stating that the number of collisions of the hot 
gases is proportional to pressure. 

Immediately before the last war, Belaev? pointed out 
that the latent energy of evaporation of most secondary 
explosives is considerably lower than their activation 
energy. If the energy of motion of the molecules in- 
creases as a result of external supply of heat, they must 
evaporate before decomposition occurs, so that the 
exothermic decomposition process must take place in the 
gaseous phase at the surface of the explosive. Other 
reasons also indicate that the decomposition does not 
occur in the condensed phase, and recent theories have 
been evolved on the basis that the development of the 
gas phase is decisive for the rate of combustion. 


COMBUSTION ‘THEORIES WITH HEAT ‘TRANSFER BY 
CONDUCTION. 


On the basis of a theory for the combustion of gases, 
developed by Zeldovich and Frank-Kamenetsky, Belaev 
derived the following expression for the rate of com- 
bus: on :— 


9 =bp"? ee mee (1) 
where p pressure, 6 = a constant, and m = order 
ning of the reaction. For a uni-molecular reaction, 
n 1, and wv is proportional to the square root 4 
pressure ; for bi-molecular reactions (n 2), v 
proportional to pressure. 

This formula is valid for linear combustion, which 
can be regarded as a steady process in a system of co- 
ordinates following the combustion zone. The powder 
or explosive is consumed at the rate at which combustion 
is propagating. Decomposition is regarded as occurring 
in a fairly thin layer, in which there is a steep tempera- 
ture rise up to the final temperature T,,, (see Fig. 1). 
The heat from this layer is transferred by conduction to 
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Fig. 1. Variation in temperature during combustion of 
nitrocellulose powder according to Belaev (left) and according 
to Boys and Corner (right). 
T, initial temperature ; Tm final temperature ; x 
from surface of powder. 
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(From Teknisk Tidskrift, Vol. 83, No. 34, September 22, 1953, pp. 695-698, 6 illustrations.) 


the condensed phase, the surface of which wili therefore 
be at a pressure corresponding to the boiling point. 

Boys and Corner® further developed the theory by 
taking into account the temperature dependence of the 
rate of decomposition. The temperature curve thus 
obtained shows a steady rise with increasing values of 
px, where p = pressure and x = distance from the 
powder surface (Fig. 1). This also indicates that high 
pressures are associated with small values for the thick- 
ness of the reactive layer. The rate of combustion in- 
creases with pressure approximately in accordance with 
eq. 1, although the functional relationship is more 
complicated. 

In a recent paper, Corner‘ calculated the diffusion 
of particles in the reaction layer, but this did not bring 
about any changes as regards the rate of combustion 
and its relation to pressure. The preliminary decom- 
position to a molal weight of the order of 75 is assumed to 
take place in the condensed phase, so that only a small 
part of the decomposition energy is liberated. The 
calculations were made on the assumption that combus- 
tion occurs at maximum pressure, as is the case in guns, 
so that they do not apply to rockets with pressures in the 
range of ten or twenty atmospheres only. 

According to the above theories, the temperature in 
the reaction zone rises to an equilibrium value deter- 
mined by the reaction energy, and for powders this is in 
the neighbourhood of 2000-3000° K. It was noticed, 
however, by Sanger® that there are various indications 
that combustion temperatures occur which are many 
times higher than the equilibrium temperature. 

In the case of large-size rockets which consume 
liquid fuel at a rate of 80 to 350 kg/sec, some 20,000 
to 100,000 kcal/sec are required for vaporisation and 
heating to ignition temperature, and, according to 
Sanger, only a few thousandths of this amount can be 
effectively supplied by conduction and thermal radiation 
of gases. 

It would appear, furthermore, that the degree of 
ionisation, in combustion or detonation, is in some cases 
considerably greater than that corresponding to equili- 
brium temperature. This conclusion is based on 
measurements of reflection and absorption of electro- 
magnetic waves of centimetre wavelength in the gas 
streams discharged by rockets® and in detonation wave 
fronts of explosives’, as well as on measurements of the 
deflection of butane/air flames in a powerful electrical 
field.® 


EFFECT OF SUDDEN ENERGY DISTRIBUTION ON VARIOUS 
DEGREES OF FREEDOM OF MOLECULES. 


When referring to temperatures which are many 
times higher than the final temperature, it is necessary 
to consider the definition of temperature from the point 
of view of the molecular and kinetic state of the gas. 
The energy due to thermal motion is distributed among 
the various degrees of freedom of the molecule, which 
determine its translational motion, rotation, internal 
vibrations, excitation, dissociation, and ionisation. 

At constant temperature, the molecule is in a state of 
equilibrium, corresponding to a certain distribution of 
energy among these degrees of freedom. After a sudden 
temperature variation, however, the various degrees of 
freedom do not reach a new state of equilibrium at the 
same time. This leads to the distinction between transla- 
tional and rotational temperatures, etc., which denote 
the temperature which the gas should have for equili- 
brium with actual values of translational or rotational 
energy, respectively. 

In a sudden adiabatic compression, the quantity of 
heat released appears first as a translational energy of 
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motion in the direction of compression. Owing to mole- 
cular collisions, the homogeneous velocity rapidly 
changes into a Maxwellian velocity distribution. Com- 
pared with this, it takes considerably longer for the 
other degrees of freedom to develop, corresponding to 
rotation, internal vibrations, etc. It was pointed out by 
Sanger that, if 10 is the assumed number of collisions 
required to reach translational equilibrium, the corres- 
ponding numbers are 10* for rotation, 10° for internal 
vibrations, 10’ for dissociation, and 10° for ionisation. 
The development is shown graphically in Fig. 2, which 
is valid for combustion conditions in rockets. A large 
number of collisions must occur before the quantised 
rotation and internal vibration of the molecule reach a 
state of equilibrium, since this depends on the probabi- 
lity that the translational energy will be converted into a 
quantum of rotation, which is fairly small, and the likeli- 
hood is even smaller for the conversion into a vibrational 
quantum. The onset of ionisation is immediate and the 
power of 10 previously mentioned indicates the number 
of collisions for ionisation equilibrium after reversion of 
the translational temperature. 
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Fig. 2. Equilibrium conditions in combustion gases of 
rocket. 


The lag in the development of internal vibrations 
and dissociation is well known from dispersion and ab- 
sorption measurements with ultra-sound.® It becomes 
apparent at frequencies in the region of 100 kc, and with 
rising frequency the contribution of molecular vibration 
and dissociation to the specific heat tends towards zero. 
In this frequency range, the ratio of the specific heats y 
(= c,/c,) increases with frequency; hence the velocity 
of sound also increases, and this results in dispersion and 
abnormal absorption. 

The lag in development of molecular rotation cannot 
be indicated by ultrasonic means, owing to the high 
frequency. However, the lag in the decrease of rotational 
energy can be indicated by means of recordings of band 
spectra of AIH molecules, which are formed at high 
temperature and emitted from the cathode in the cooled 
discharge space with rare gas.!° 

A reason for these time-lags can be found by con- 
sidering the conditions governing impacts of spherical 
and non-spherical bodies, as treated in classical mechan- 
ics. The kinetic theory of gases developed by Maxwell 
assumed collisions occurring between smooth, fully 
elastic bodies of spherical shape. With perfectly spherical 
bodies, no change in rotational energy can be obtained 
by collision and the entire energy of motion is dis- 
tributed among the three translational degrees of free- 
dom. If the bodies are ellipsoidal, equipartition of 
energy occurs among translational and rotational degrees 
of freedom. This is so, no matter how small the devia- 
tion from the exact spherical shape may be. If the 
1954 
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deformation is extremely small, this does not alter the 
final result, but merely increases the length of time 
required for it to be reached. 

Similar considerations apply to internal vibrations. 
In this case, each molecule is regarded as consisting of 
two imperfectly spherical bodies coupled together. 
Only a small fraction of the energy of motion can be 
converted into internal vibration as a result of a collision 
between two such molecules, and the stronger the 
coupling, the greater will be the time required for the 
vibrational energy to reach the equilibrium value. 

For the excitation and ionisation of the molecule 
through molecular impacts, the translational energy 
may also be decisive if the kinetic energy due to thermal 
motion is concentrated in the translational degrees of 
freedom, so as to obtain a combined effect, as in a gas at 
equilibrium at very high temperature. If it is assumed 
that in an exothermic decomposition process the energy 
is released as translational energy of the newly-formed 
molecules, the conditions immediately after decomposi- 
tion are expressed by 

T, = Me?/GR)=—=2W/GR) .. (2) 
where M = molal weight, R = gas constant, c, = mole- 
cule velocity, and W = reaction energy per mole. Eq. 
(2) gives, for instance, for W 1500 kcal/kg and M 

27, a temperature T, of 13,500 K. 


SANGER’S COMBUSTION THEORY. 


Sanger! calculated luminescent radiation on the 
assumption that 7, is decisive for the excitation and 
ionisation of the molecule. Assuming a Maxwellian 
velocity distribution, it is possible to calculate the frac- 
tion € of the molecules for which the translational energy 
is situated between the lower limit corresponding to the 
beginning of excitation and the higher limit at which 
ionisation occurs ; & increases very rapidly with W (see 
Fig. 3). 
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Fig. 3. Graph showing molecule velocity plotted against ¢. 


In excitation through impact, the kinetic energy of 
translation of the molecule must be approximately 
twice as great as the excitation energy. The relation 
between hv (the product of the frequency v of the 
emitted light and Planck’s constant h) and the velocity 
c of the molecules with the mass m is obtained as 

v= meC/4.. we _ (3) 
The average life of the molecules, in seconds, can be 
determined from 

+ = 45,000 »* a Pe (4) 
where A is the wavelength in metres. 








To calculate the radiation intensity, it is assumed that 

the molecule radiates repre at the wavelength 
A= (A, + A,)/2 Ss : (5) 

where A, and 4; correspond to the lower limits of mole- 
cule velocities c, and c, for excitation and ionisation, 
respectively, according to eq. (3) and using the equation 
A v = Cy, where c, is the velocity of light. The radiation 
intensity in one direction from a stratum consisting of n 
individual layers of molecules is 

w= (nhv/27) x (€pN/RT»)*” (6) 
where N is Loschmidt-Avogadro’s number. 

The radiation energy is consumed in raising the 
powder temperature, firstly, from the initial value T, to 
a higher surface temperature T,, and, secondly from 
this temperature T, to the ignition temperature T; in 
the preheating zone between the surface of the powder 
and the reaction zone. Denoting the corresponding 
quantities of heat consumed per kilogram of powder by 
W,. and W,,, respectively, for these two temperature 
ranges, this gives the relation 


IL=vp (Wi Was) .. oo (7) 


where v = rate of combustion, and p mass-density 
of powder. Combining eqs. (6) and (7), the final result is 
F(W) 
v = kn ——_ "8 « 
Wie t Ws 


where & is 4 constant of known magnitude and F(W) 

(€/T)*° is a function of the heat of reaction, which 
can be calculated. 

The thickness of the layer emitting the radiation, 
expressed as a number of molecular distances 1, is 
unknown and is chosen so that agreement is obtained 
with observed data. According to eq. (8), the rate of 
combustion increases proportionally to p? /* (see Fig. 4). 
Thermal radiation plays a relatively unimportant part. 
According to Sanger’s theory, the temperature conduc- 
tion is less than the flow velocity, so that thermal 
conduction is insignificant. The thickness of the 
preheating layer is approximately ten times greater than 
the value indicated by the Boys-Corner theory, which 
assumes that thermal conduction is entirely responsible 
for heat transmission from the combustion gases to the 
powder. 

It is of interest to consider Saénger’s theory applied 
to a numerical example. With W 1,000 kcal ‘kg, 
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bcal i * ; = 2,050 Angstréms, A, = 6,880 Angs., 
t= 9 x 10° sec, and m = 17, the rate of combustion is 
0°86 p?!8 
v= ————_— .- ie (9) 
1 — 0:0019 7, 


where p is expressed in atmospheres and v is in mm/sec. 

The relation between the flow velocity w of the gas 

— the preheating layer, and the critical velocity 
W,.,» is Obtained as 


PR Teng 
- ~ ew ae 


w V1 py 


Wer p M 





where r = (y 1)/2 y. In eq. (10), the ratio w/w,, 
cannot be greater than unity, and this sets a lower limit 
for p, below which combustion will not occur. 

If there is a sudden decrease in pressure under 
steady. combustion conditions, the radiation intensity 
falls off immediately, but some time elapses before the 
surface temperature of the powder and the evaporation 
adjust themselves to the new equilibrium value. Com- 
bustion may then temporarily cease, but, if the surround- 
ing temperature is sufficiently high, it will start again 
while the gas flow decreases to its new equilibrium value. 
Furthermore, it should be remembered that combustion 
cannot take place in narrow pockets preventing adequate 
development of the preheating layer. Therefore, wide 
pockets should be provided for low pressures. 


EXPERIMENTAL CONFIRMATION OF RATE OF COMBUSTION 
FORMULA. 


In order to study the conditions in the transition 
from combustion to detonation, C. H. Johansson and 
A. Person, have determined the rate of combustion of a 
gelatine dynamite at various pressures and temperatures. 
Although the tests were not carried out to verify various 
combustion theories, they are, however, of some 
interest in this connection. 

On the basis of Sanger’s theory, the rate of combus- 
tion of this dynamite can be expressed by the formula 

Ap? 
v —- a vee GED) 
1 — t/t., 





where v = rate of combustion, p = pressure, t = initial 
temperature, and ¢,,, = critical temperature at which the 
rate of combustion tends towards infinity. A and 6 are 
constants. 

According to eq. (11), the reciprocal of the rate of 
combustion at a constant pressure is a linear function of 
temperature, for this dynamite. Measured values of 
1/v plotted against temperature at different pressures 
gave, in agreement with eq. (11), straight lines which 
converge towards r., = 220° C. The initial temperature, 
however, cannot exceed 130° C, because dynamite then 
detonates on ignition. If the logarithm is taken of both 
sides of eq. (11), this gives the relation 


A 
logv = log ————— + blogp .. (12) 
1 — t/t. 


The measured values for log v, plotted against log p, 
also gave straight lines, as previously. The measure- 
ments at room temperature were converted to 20° C. 
The slope of the parallel lines gave a value of b = 0°86. 
With re , = 220° C, the value of A was then determined as 
A = 0°54. 

When these values are substituted in eq. (11), this 
reduces to 





0°54 po86 

v= — a o 3@i3) 
1 — t/220 

(Concluded on page 36) 
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Simplification of Joint Design in Power Cables 
By N. KLEIN. (From Revue Générale d’Electricité, Vol. 62, No. 10, October 1953, pp. 465-475, 8 illustrations.) 


IT has been generally assumed that the quality of the 
insulation in joints is inferior to that of the cable proper, 
because, during joint making, more cavities, impurities, 
and soft parts are included in the insulation than during 
manufacture of the cable proper. For this reason it has 
been usual to increase considerably the insulation thick- 
ness in joints as compared with that in the cable, some- 
times by as much as 100°,,. The thickened insulation 
has generally been surrounded by an oil bath in a housing, 
placed in a cast-iron or concrete container filled with a 
bituminous compound. The diameter of the complete 
joint has thus been several times larger than that of the 
cable and the cost of the joint has amounted roughly to 
20°,, of the total cable cost. A reduction in the cost of 
joints would therefore appear to be desirable, and it 
would seem that this might be possible, as, in certain 
circumstances, joints can operate satisfactorily without 
oil baths. 

Systematic investigations were consequently under- 
taken to ascertain under what conditions oil baths are 
required in joints and to determine the necessary 
increase in the thickness of joint insulations, with the 
object of simplifying joint design. 


PHYSICAL PROCESSES IN JOINT MAKING. 


A large number of joints was made by jointers of 
varying skill a ‘ the influence of every step of joint 
making on the insulation quality was observed. It 
appeared that the insulation quality was mainly deter- 
mined by the physical processes occurring during the 
winding-on of the paper tapes and the subsequent 
treatment of the insulation in an oil bath. 
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Fig. 1. 








Experiments were carried out by making joints on 
0:25 sq in., 33-kV single-core cables. As shown in 
Fig. 1, the insuiation was built up to the same thickness 
as in the cable proper and the joint thus made placed, 
without a sheath, in a lead trough filled with oil. Power 
factors of the joint were measured on a Schering bridge 
after completion, and later at varying intervals over the 
length between the chamfered ends. The results of 
these measurements are shown in Fig. 2 for a joint made 
by a jointer of average skill. Accordingly, the power 
factor eventually improved value of about 0-0035, 
which is only slightly higher than that of the cable 
insulation, and which is almost independent of voltage. 
Similar behaviour has been observed with most of the 
other joints, except that the rate of power factor im- 
provement increased with jointing skill. The average 
time for reaching a quasi-constant value of joint power 
factor was a week. 

It is believed that high power factors after the 
completion of the joint are due to cavities included in 
the insulation. The gas in these cavities dissolves slowly 
in the surrounding oil and the cavities become more and 
more filled with oil drawn from the bath until they vanish 
and the power factor of the insulation becomes nearly 
voltage-independent. This assumption is supported, 
firstly, by the fact that cavities were found on openin 
the insulation of joints, whose power factor did not settle 
down to a nearly voltage-independent value ; secondly, 
by the fact that, when joints were not placed in an oil 
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bath after completion, no power factor improvement, 
similar to that shown in Fig. 2, could be observed. On 
the other hand, when joints, which had already reached 
the stage of voltage-independent power factor, were 
removed from the oil bath, no further change in their 
power factor could later be observed. 
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Fig. 2. 


Certain joints were subdivided for the purpose of 
power-factor measurements and it was found that, once 
the insulation improved to the nearly constant power- 
factor stage, the power factor was the highest at the 
middle of the joint, where all the insulation is hand- 
made. This was to be expected, as hand-made insulation 
should increase power factors, owing to the added 
absorption of air, humidity, and other impurities. To 
measure the magnitude of this increase, lengths of cable 
with hand-applied insulation were made and improved 
by oil-bath treatment to the nearly constant power-factor 
stage. 

Measurements at various temperatures show that 
insulation power factors were on the average 15% higher 
than those of the impregnated paper tapes from which 
the insulation was made. As the joint also contains 
original cable insulation, the increase in its power-factor, 
compared with that of the cable, is generally smaller. 

It has been concluded from these experiments that : 
(a) Cavities generally vanish from the insulation, when 
the joint has had sufficiently long treatment in an oil 
bath ; (b) the oil bath can be dispensed with after this 
treatment 3 and (c) the power factor of the joint is then 
slightly higher than that of the cable. 

Investigations of the subsequent operations of joint 
making show that they need not influence the insulation 
quality. Thus, the application of lead sheaths did not 
lead to an increase in the power factor, when care was 
taken not to cause oil losses in the insulation. Further- 
more, bending and maltreatment of completed joints did 
not produce any power factor changes. 

Consequently, it appears that the design of joints 
without oil baths is feasible, the only difficulty being the 
duration of insulation improvement, during which a 
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temporary oil bath round the joints seems to be neces- 
sary. This problem has been solved by a simple heat 
treatment :—Joints were made and placed in the lead 
trough as shown in Fig. 1, but, instead of filling the 
trough with cold oil, oil at 110 C was used and main- 
tained at this temperature for about one hour. After 
this period, most cavities disappeared and a nearly 
voltage-independent power factor resulted. This rapid 
improvement in the insulation is due (a) to a decrease of 
the cavity size by temperature and hence faster gas 
solution, and (b) to the rapid filling of the cavities with 
oil of greatly decreased viscosity. 
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As suitable joints are obtained by such a heat treat- 
ment and as no oil baths are necessary, the design of 
joints becomes very simple. Fig. 3 shows two joint 
designs according to the results obtained. In Fig. 3a, 
the joint insulation is built up to the outer diameter of 
the cable sheath ; a lead sleeve is subsequently pulled 
over the joint and soldered circumferentially to the 
sheath. In Fig. 3b, the joint insulation is made only 
slightly thicker than that of the cable. A lead sheath is 
then formed round the joint, which is circumferentially 
soldered to the cable. A slot is left open along the top 
of this sheath and thermal treatment is carried out 
through this slot. After completion of the treatment, the 
slot is filled with solder. 

Thus, joints can be made in which the diameter is only 
slightly larger than that of the cable. 


INSULATION THICKNESS OF JOINTS. 


The quality of the joints described, apart from the 
power factor, is characterised by the dielectric break- 
down strength, which primarily determines the necessary 
insulation thickness. The breakdown properties of joints 
were determined by comparison with those of the cable. 
Short lengths of 0-25 sq in., 33-kV single-core cables 
were selected for these tests. A joint was inserted in the 
middle by the methods described above, including heat 
treatment. The cable ends were provided with wax- 
filled cardboard tubes, to prevent breakdown over the 
ends. The test consisted of applying a five-fold nominal 
voltage, 95 kV, between conductor and sheath, until 
breakdown occurred. Three groups of tests were made ; 
in the first, the joint insulation thickness equalled that 
of the cable; in the second, the joint insulation was 
10%, thicker ; and, in the third, 30%, thicker. In every 
group, joints were made by jointers of varying skill, 
at temperatures ranging from 10 to 30°C and at 
humidities between 60 and 90°. On the average, 
breakdown of the test samples occurred after 7 hours. 
Results of the experiments are tabulated below :— 


Although the table shows the number of breakdowns 
which occurred in the cable and the joint respectively, 
it was found that they do not afford a satisfactory 
comparison of the dielectric strengths of j joint and cable, 
A much better comparison of the respective qualities 
was obtained by unwinding the insulation of every 
sample after breakdown and by observing the changes, 
such as partial breakdowns, carbonisation, waxing, etc, 
in the insulation. Unfortunately, it is difficult to express 
these changes quantitatively and the results of the tests 
therefore appear in the last column of the table as an 
indication of the comparative state of the insulation after 
the breakdown tests. 

Electrical breakdown in the tests started mainly by 
discharges in the few small cavities still remaining. It 
would appear that a 10%, increase of the joint insulation 
thickness makes the joints equivalent to the cable as 
regards a.c. dielectric breakdown strength in solid- 
type cables. A condition for this, of course, is that the 
insulation is improved by the heat treatment described, 
or by the provision of a suitable oil bath. 

An accelerated ageing test was also carried out on 
joints without an oil bath; this experiment did not provide 
any additional information. 


JOINTS IN PRESSURE CABLES. 


The properties of these joints depend on whether or 
not there is a gaseous phase present in the insulation. 
If not, there are no cavities in the insulation and the 
results of the experiments on the physical processes of 
joint making are fully valid for joints in this type of cable. 
It appears accordingly that no oil bath is necessary 
around the joints of oil-filled, gas compression and 
similar cables. With respect to increase in insulation 
thickness, however, conditions are different from those 
in solid-type cables. An accelerated ageing test was 
carried out on a length of 0-25 sq in., 66-kV, single-core 
gas compression cable; this contained four joints, of 
which two had the same insulation thickness as that in 
the cable, and the other two a 10°, increase in thickness. 
The design of these joints is shown in Fig. 4; there is no 
oil bath and hence the outer diameter is only slightly 
larger than that of the cable. Breakdown occurred in 
the middle of one of the joints with equal insulation 3 
minutes after the voltage was raised to three times the 
normal value. The corresponding electrical stress at the 
strand, considered to be a cylinder, was 230 kV/cm. 
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Breakdown of these joints usually commences with 
breakdown of the oil in the tape gaps at the conductor. 
As the oil absorbs air, moisture, and other impurities 
during manufacture of the joint, the dielectric strength 
of the oil decreases and hence the breakdown voltage of 
the joint is below that of the cable. Owing to experi- 
mental conditions, the above breakdown figure is 
probably below the average ; the average value is still 
to be determined by tests similar to those carried out on 
solid-type cables. 

No experiments were made on gas pressure cables, 
As, however, their breakdown properties depend upon 
the possibilities of discharge in the en- 





closed cavities, there should be no difference 














| Max. stress | No. of Breakdown 
Insulation in joint | experi- Comparative state of 
thickness kV/cm2 ments | in cable | in joint insulation 
As in the cable 162 8 3 5 Worse in the joint 
Cable, plus 10°, 146 8 7 1 Somewhat better in 
the cable 
Cable, plus 30%, 131 7 7 0 Somewhat better in 
| the joint 
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in the dielectric strengths of cable and 
joint, and equal thickness of insulation 
should be permissible. This is partly proved 
by operational experience with joints hav- 
ing only a 20% increase in insulation 
thickness. 


THE ENGINEERS’ DIGEST 





By 


wns 
ely, 
tory 
ible. 
ities 
very 
izes, 
etc, 
Tess 
fests 
$ an 
after 


y by 
It 
tion 
e as 
lid- 
the 
bed, 


tr On 
vide 


Tr or 
‘ion. 
the 
Ss Of 
ible. 
sary 
and 
tion 
hose 
was 
core 
» Of 
it in 
1eSs, 
s no 
htly 
d in 
yn 3 
the 
the 









The Behaviour 


of Thick-Walled Cylinders under very 


High Pressures 


By L. DEFFET and J. GELBGRAS. 


(From Revue Universelle des Mines, 9th Series, Vol. 9, No. 10, October, 1953, 


pp. 725-740, 15 illustrations.) 
Tests, with pressures up to 71,000 psi, show that thick-walled steel cylinders withstand higher internal 


pressures than those predicted by calculations. 


The elastic limit and limit of total plasticity correspond 


approximately to those predicted by known theories. 


For the purpose of carrying out tests, the arrangement 
shown in Fig. 1 was used. A solid bar (3) inserted in 
the test cylinder (2) serves to diminish the amount of 
pressure oil required and to pre-compress the sealing 
glands. Oil pressure is measured by means of a pre- 
cision Bourdon gauge. An external cylinder (1) sur- 
rounds the test cylinder and the space between them 
is filled with oil at atmospheric pressure. The overall 
expansion of the test cylinder is thus measured by the 
displacement of this oil, as indicated by a burette 
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Fig. 1. Arrangement of test equipment. 
(1) External cylinder (6) Rubber packing 
(2) Test cylinder (7) Adjustable steel nut 
(3) = Solid steel bar (8) Measuring oil inlet 
(4) Steel piston (9) Connections to burette 


(5) Steel flanges (10) Pressure oil inlet 
Sealing glands: (a) steel washer 
(b) copper washer 
(c) P.V.C. washer 
(d) lead washer. 


graduated to 100 cc. Many of the test cylinders 
were also equipped with electric wire resistance strain 
gauges, so that the elastic limit and limit of total plas- 
ticity could be determined with greater accuracy. The 
threads of the nut (7) were sealed against oil leakage by 
means of sodium oleate. The length of each test 
cylinder was 31°5 in. and the following steels were 
used :— 

















R? P R,* 
radial stress f, (na (: 2 —) 
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b(f, + fd) 


The strains follow from Hooke’s law. Different 
criteria have been established as to when the elastic 
limit is reached. Applied to the problem of a thick- 
walled cylinder, these criteria state that the pressure 
P, stressing the material to its tensile elastic limit f,, is 
reached when 


hoop stress f; = 


axial stress f, = 








Py k? 1 
(a) pe (Lamé’s criterion of max. principal 
Pe k? 1 stress) 
Py RP —1 Rk? — 1 
(b — 
fi, RA+n4+(1—2n) 13? 0-4 
(St.-Venant’s criterion of max. principal strain) 
Ps Rk? — 1 k? — 1 
oe = leuiaye> 
fy V2 + n)kt*+3(1—2n) /26k + 12 
(Beltrami’s criterion of the total strain energy) 
R¢ 1 1 
(d) —=— (1 =) (von Mises’s criterion of the 
ts V3 R* shear strain energy) 
Ba oI] 1 
(e) —=- (: -) (Tresca’s criterion of max. 
f; 2 Rk? shear stress). 


In these equations, Poisson’s ratio n has been taken 
as 03. A comparison of theoretical and experimental 
values of P. f, is shown in Table III. For mild steel, 
the experimental values bear out the v. Mises criterion, 
for medium carbon steel they favour the Tresca criterion. 























TABLE I. For the thinnest-walled cylinders tested (k = 1°480), 
= , however, both criteria lead to pressures Py which are 
Composition _ Ultimate too low, while Beltrami’s values are nearest to the ex- 
Type of Elastic tensile é ; ; 
Steel Cc Mn limit f, strength f, perimental values for mild steel, as well as for medium 
| % o% tsi tsi carbon steel. 
The condition of equilibrium for a body element of 
i 0-25 — 16-0 24:4 : : : : 
—_ ere the cylinder, whether in the elastic or the plastic state, 
Medium 0:30 to 0:45 to ane is 
carbon 0-40 0-90 20°5 8- : 
fi f. R df, / d R 
The diameters of the test cylin- TABLE II. 
ders and the test results are shown ns ren 
; : ean test pressures, psi 
in Table II. P, is the pressure at Castite) teats | tate | ed 
which the elastic limit is reached “Dia Dia. o | tests Mild steel Medium C steel 
at the inside of the cylinder, plastic Ro R; k= — | taken | 
deformation setting in at this pres- $.™™ mm Ri Po P, | Pe Po Pi P2 
sure 5 P, 1S the pressure at which 37 25 1-480 6 11-7 15-2 21-8 —- a a 
the elastic limit is reached at the 37 25 1-480 6 x —~ | = | 46 | 6 | 
outside and the tube begins to be 35 16°5 2-121 4 : re a | aera Means Waar 
bs p 26 12 2-167 4 15-1 26-15 | 47-9 — — 
plastic throughout; P, is the pres- 29-3 12 2-440 1 ie ae ee 19-2 38-0 >71 
sure at fracture. 37 15 2-467 2 16-4 39-1 >71 - ae — 
: : 37 14 2:64 — —— 43-4 >71 
For an internal pressure P a 33 2 5. 750 2 71 4-2 37 
a tube with closed ends, the well- 37 12 3-083 1 17°8 45°5 >71 apa amines onan 
known Lamé equations show that, 37 12 3-083 3 a 20-6 50-2 >71 
in the elastic range, the stresses at 











an arbitrary radius R are: 
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* Values not measured. 








Taste III. at the pressure P,. This condition 
is very nearly fulfilled for mild 





























i / ° . 
‘ Theoretical values, Po/f, Mean exper. values, Po/fy steel cylinders, with k = 1°48 
Lamé St.-Venant| Beltrami v. Mises Tresca | Mild steel Med. C steel (Fig. 2a) but certainly does not hold 
for k = 2°75 or for medium carbon 
1-480 0-373 0-366 0-322 0-314 | 0-272 0-330 0-317 : : 
2-167 | 0-649 0-568 0-483 0-454 0-393 0-432 — steel cylinders from & = 1:48 up- 
2 440 0-712 0-609 0-513 0-480 0-416 ae 0-418 wards (Fig. 2b). Comparative 
467 0-718 0-612 0-515 0-482 0-418 0-460 —— i i 
2:750 | 0-766 0-641 | 0-536 | 0-501 0-434 | 0-476 — pina 6 
3-083 | 0-810 0-667 0-553 | 0-517 | 0-447 0-496 0-449 are given in lable 1V, and show 
that the v. Mises criterion is appro- 
priate for thin-walled cylinders 
TABLE IV. (k = 1-48), whereas for thicker cylinders the experimental 
Theoretical values, Pi/fy | Mean exper. values, Pf, values confirm Tresca’s criterion. The one high value for 
k - k= 2-467 is due to the fact that the less sensitive measure- 
v. Mises Tresca Mild Steel Med. C steel ment of overall expansion has here been used. This type 
1-480 0-45 0-39 0-43 0-45 of measurement is better adapted to higher values of k 
2-121 0-87 0-75 0-71 — where the curves shown in Figs. 2b or 2c result; the 
2-167 0-89 0-77 0-73 —— plastic limit then reveals itself in a sudden increase of 
2-440 1-03 0-89 — 0-83 died ae 
2-467 1-04 0-90 1:09 | —— the displaced Ou. — 
2-643 1:12 0:97 — 0-94 For the fracturing pressure P,, Cook and Robertson! 
3-083 1-30 1-13 1-07 1-09 have suggested a criterion based on the maximum prin- 
cipal stress, and van Iterson? has suggested a limit 











based on an extension of Tresca’s plasticity criterion. 
In both formulae, the yield stress f, has been replaced 
by the ultimate tensile stress f,,. Table V compares the 


As the condition of plasticity, either the v. Mises or the 
Tresca criterion may be chosen. According to Tresca’s 


theory, the stress causing plastic flow is the maximum values predicted by these formulae with values found 

shearing stress, i.c., experimentally within the limits, of this investigation 
(f. —f) = tf (P, < 71,000 psi.). 

Combining the last two equations, Both formulae in Table V can be accepted only as 


empirical rules without rational foundation. Cook and 
Robertson’s rule predicts that the internal pressure 



































df, =f, R can never exceed the ultimate strength of the cylinder 
material; this is demonstrably untrue for thicker 
If this expression is integrated and the constant of cylinders, where, for instance, k = 3. v. Iterson’s rule 
integration determined by the boundary condition that is based on a type of calculation which is valid only 
tf, = — Pior R= R,;, " p 
R 
frm —P +f ge — 
R; 
R 
Hence, Si —P-+-f,{1 -+ log, = i an ak 
i R R 
and, as before, a +f, -+ fi) (a) (b) (c) 
The strains may be derived from either the total strain Fig. 2. Internal eee x ta a as a function of JR/R 
law or the incremental strain law. The plastic region ; Oh Se Seamer 
spreads from the inside of the cylinder and reaches the aa ES 1 no Anny oy a 
outside diameter when Medium) Cistecli(e 3:1) 
R, Stainless steel (k 2°18) 
fin - 9 P +i. — until work-hardening commences, and hence is cer- 
R, tainly not valid beyond the limit of total plasticity P,. 
The internal pressure then is Nevertheless, present results show that v. Iterson’s 
P Tr rule is acceptable for mild steel tubes with small values 
1 = f, log, of k up to about 2:17; its predicted values are too low 
Similarly, from the von Mises TABLE V. 
hypothesis, it can be deduced that 
Cook and 
2 Robertson ae 
P _ — ji k- k2—1 v. Iterson results 
: fa 08. Su k P2- fu —— P2=fu logy k P2 
v3 : mn | ; 
. psi psi psi psi 
These relations of complete plas- oar 
ici i 54,600 1-480 20,400 21,400 1 ,00 
ticity at constant stress f, obviously PP yon 217300 22°800 
are valid only when the tensile 22,000 22,000 
stress-strain diagram of the material a creas 
shows a fairly long horizontal portion 54,900 2-121 34,800 41, al 7,400 
of the yield range so that, at the —— a eee 
pressure P,, work hardening has 54,600 2-167 35,400 42,200 48,300 41,200 
not yet started at the inside of the Mild steel 
cylinder, i.e., they apply only to 54,600 2-467 39,200 49,000 > 71,000 
annealed steels and relatively thin- Mild steel 
walled cylinders. If the internal 
; : . ; 400 40,400 
pressure P is plotted as a function sia teak ina or — 43°00 41,200 
of the radial expansion 4R/R of 38,000 37,000 
the cylinder (Fig. 2), the resulting 
curve should thus be horizontal Note.—All fractures ductile, longitudinal, traversing the wall at 45 deg. to the radial direction. 
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Fig. 3. Fracture of mild steel tube (k = 1-48). 


for higher k values and for medium carbon steel in all 
tests. 

Cook and Robertson! have obtained, for k = 1°35 
to 18, experimental fracturing pressures, P, between 
the values of their own formula and that of v. Iterson. 
Bridgman* and Michels* have also carried out tests on 
thick-walled cylinders. A cylinder of normalised un- 
hardened carbon steel, f,, = 142,000 psi and k = 7 
has been fractured by Bridgman at 570,000 psi, whereas 
v. Iterson’s rule predicts a limiting pressure of 277,000 
psi. In very hard, not necessarily brittle, steel the 
fracture is entirely radial; it sometimes starts from the 
outside but is arrested midway. 

A typical fracture in a mild steel tube (k = 1°48) 





. 1:48), showing 
inclination of fracture at 45 deg. to the radial direction. 


Fig. 4. Segments of mild steel tube (k 


is shown i1 Fig. 3. Segments of a similar tube, showing 
the inclination of fracture at 45 deg. to the radial 
direction, are illustrated in Fig. 4. 
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Recent Developments in Ignitrons 
By G. M. ZINS. (From Electronics, Vol. 26, No. 12, December 1953, pp. 135-137, 6 illustrations.) 


IGNITRONS have proved to be of great value in industrial, 
electrochemical, and railway applications requiring 
conversion of large quantities of a.c. power to d.c. 
power at voltages of from 250 V d.c. to 20,000 V d.c. 
Characterised by an igniter which initiates the arc at the 
beginning of each desired conduction period, the igni- 
tron offers high efficiency and relative freedom from 
arc-back. 


IGNITRON LOCOMOTIVE. 

Because of its inherent ruggedness, high power- 
handling capability, and high efficiency, the ignitron 
is well suited for use in locomotives and multiple unit 
railway cars. The economic advantages of an a.c. 
trolley system can be comt.sned with the inherent 
advantages of d.c. traction motors. 

Improvements in sealed-type rectifiers have con- 
siderably accelerated the acceptance by the railroad 
industry of ignitrons, of which a cross-section of a 
typical pumped-up type is shown in Fig. 1. Experience 
indicates ignitron locomotives have relatively low 
initial cost, low maintenance, low stand-by losses, high 
overall efficiency, and low weight. 

A typical twin-cab locomotive is rated at 6000 hp 
or 3000 hp per cab. It operates from an 11 kV, single- 
phase, 25-cycle trolley system. The essential equipment 
in each cab consists of :—The main rectifier trans- 
former, which is designed for a single-phase full-wave 
rectifier circuit ; two ignitron cubicles, each containing 
six sealed ignitrons together with their associated excita- 
tion circuits, protective devices, and switching appara- 
tus; a water-to-air type heat exchanger; control 
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circuits ; anode reactors; and an a.c. and d.c. filter. 
Each pair of ignitrons forms a separate cathode circuit, 
or a total of six separate cathodes, each connected to a 
500-hp, series-wound, d.c. traction motor. 

The rectifier transformer is provided with tap- 
changer-under-load equipment to cover the operating 
range required for accelerating and motoring. Vernier 
steps between transformer tap positions are obtained by 
phase control of the ignitrons. This combination of 
transformer taps and phase control provides 35 different 
notches for motoring. 

Dynamic braking is also obtained. Two of the 
twelve ignitrons supply exciting current to all six motor 
fields, which are connected in series for the dynamic 
braking operation. By varying a series resistor, changing 
taps on the transformer, and changing phase delay on 
the ignitrons, fourteen notches of braking are obtained. 

The ignitron tubes developed for this application 
contain a special baffling arrangement and special 
mounts to eliminate the effects of vibration in service. 
New firing circuits were required to provide reliable 
firing over a wide range of trolley voltages with the wave 
shape of voltage obtained from the main power trans- 
former, which was tapped to provide the necessary 
auxiliary voltage. One master cooling system was 
developed to allow one fan to cool the rectifier heat 
exchanger, power transformer, filter, and anode reactors, 
together with the other auxiliaries on the locomotive. 

The telephone interference problem caused by the 
rectifier harmonics has been eliminated by a relatively 
simple and inexpensive a.c. and d.c. filter. Present tests 
indicate that the filters applied on these first locomotives 


19 








may be materially reduced or even eliminated on future 
models. 
ALUMINIUM Pot LINE. 

The original aluminium pot lines in the U.S.A. were 
installed using 300-V synchronous converters with 
pot line capacities in the neighbourhood of 50,000 A. 
Many of these rotary converters were later rewound for 
600-V service to increase station capacity. Initial costs, 
coupled with high maintenance costs, left this field ripe 
for the mercury arc rectifier. 

During World War II the ignitron completely 
dominated all other equipment in this field, with typical 
pot lines consisting of twelve rectifier assemblies of 
twelve tubes each supplying pot-line loads of 60,000 A 
at 600 V d.c. 

Improved designs of these tubes are now being 
applied at 72,000 A and 750 V d.c. Recent improve- 
ments in protective switchgear for rectifier service are 
permitting the addition of even more rectifier assemblies 
on a single pot line, with pot lines up to 120,000 A 
now being considered at voltages of 750 V d.c. One 
station now in operation has power requirements in 
excess of 700,000 kW. 

It is customary practice on these large installations 
to operate two twelve-tube rectifier assemblies from a 
common rectifier transformer with a quadruple-wye 
secondary connection and employing anode balance 
coils. The individual pot lines are now operated multi- 
phase by employing both delta and wye-connected 
primaries on the rectifier transformers and auto- 
transformer-type phase shifters to provide 30 or 
36-phase operation per line. Similarly, pairs of pot 
lines are operated out of phase to give overall operation 
of 60 or 72-phase operation. With additional units now 
being contemplated, stations may go up to 108-phase 
operation. Miulti-phase operation of this order of 
magnitude is required where such large blocks of power 
are concentrated in one station, to eliminate telephone 
interference and to improve the wave shape of the line 
current for the station. 

Because of the large number of units in each station, 
special provision is normally made to degas the entire 
pot line simultaneously upon installation by supplying 
reduced voltage to the a.c. bus. Subsequent degassing 
is usually done on the line, since there is adequate 
capacity to allow removal of one unit at a time, without 
overloading the remainder of the rectifiers. 

A pot line is usually started by closing all breakers 
with the igniter short-circuited and then releasing the 
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Fig. 1. Cross-section of typical pumped-up type of ignition. 
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ignition on all rectifiers simultaneously. This provides 
reliable pick-up of the pot-line load without unbalance 
between units. 

This process must be closely controlled. If one unit 
were to be released in advance of the others, this unit 
would attempt to carry the entire pot-line load and would 
then trip on overload. Each succeeding unit could 
follow and also trip out. Simultaneous release is there- 
fore a feature essential to proper operation. 

The anode and cathode breakers provide normal 
protection against arc-backs and permit the removal of 
individual units from service. Normal dumping of the 
pot-line load is best accomplished by tripping the 
master a.c. breaker which feeds the entire line. 

Two of the most notable features of the electro- 
chemical industry are the tremendous concentrations of 
power and the unvarying 100°, load on these pot lines 
up to one year without shut-down. The rectifier has a 
well-earned reputation for reliability even on this 
rugged duty. 


Hot-StTrie MILL. 


Although many ignitrons have been applied for hot- 
strip mill service, most of tiiem were used in conjunction 
with motor-generator sets, the motor-generator sets 
being used to obtain the variaible-voltage feature and the 
rectifiers being used for full-voltage service and in 
parallel with these motor-generators. There has been a 
definite trend, in recent years, towards all-electronic 
drives for hot-strip mill service. 

An all-electronic drive for hot-strip mill service 
provides many interesting features. A vypical hot-strip 
mill may consist of five or six finishing stads, each stand 
being driven by an individual compensated d.c. motor. 
These finishing stand motors range from 2500 to 5000 
hp per motor. 

In a continuous hot-strip mill, the strip may be in all 
stands simultaneously for periods up to 40 seconcs. It 
is, therefore, essential that the speed of the individual 
stands be very closely controlled to prevent pull ng or 
excessive looping of the strip. To control the motor 
speeds accurately, it is necessary to regulate the rectifier 
bus voltage to obtain a flat voltage characteristic over 
the entire load range. To accomplish this, a magnietic- 
amplifier regulator is used. High speed of response and 
high sensitivity of the regulator used permit an ex- 
tremely flat voltage characteristic to be obtained, even 
with the impact load of the strip entering the rolls. 

Another feature required in a drive of this type is 
the inching operation. A regulated bus voltage of the 
order of 5 to 10°,, of rated is required. This feature is 
used to line up the couplings on the rolls and to calibrate 
the rolls by test samples. 

Reduced voltage for the inching operation is obtained 
by phase control of the ignition point on the ignitrons. 
Operation of the rectifier at the high angles of delay 
necessary increases the probability of arc-backs, with 
the possibility of forward fires occurring. To minimise 
these tendencies, a blocking bias is applied to the ignitron 
grid, driving them negative with respect to the cathode. 
A pulsing circuit is employed to overcome this negative 
bias and to drive the grid positive, when the igniter is 
fired and conduction is desired. 

This inching voltage is also regulated as described 
previously for full-voltage operation. Phase control is 
provided to allow the mill to be accelerated from inching 
voltage to full voltage in the prescribed time interval. 
It is sometimes desired that an idle-run voltage be 
incorporated into the drive. Approximately 20°, of 
rated voltage is supplied for this operation, the reduced 
voltage being obtained by phase control. The mill is 
run at this speed during extended idle periods between 
strips, to reduce power consumption and to maintain 
uniform cooling of the rolls. If the mill were shut down 
completely during such periods, heat distortion might 
damage the rolls. 
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THE importance of evaporation processes in engineering 
is shown by the numerous investigations published on 
this subject in various countries. A relation between 
heat transfer and mass transfer was first set up by 
Lewis'. The fundamental aspects were subsequently 
studied by Schmidt? and Nusselt*, as well as by other 
investigators. A general view of the conditions can 
be obtained only by graphical representation. In a 
further contribution, it was proposed by Mollier’ that 
the enthalpy, i.e., the total heat, of the gas could be 
plotted as a function of the vapour content, in a diagram 
with oblique co-ordinates. In the following, it will be 
shown that Mollier’s diagram can be modified so as to 
obtain rectangular co-ordinates, which make it easier to 
follow the changes of state of a gas flowing over a moist 
body or liquid. Furthermore, the diagram can be made 
more complete by including certain temperature curves, 
termed ‘“‘ ¢*-lines,’”’ for the states of the gas which 
correspond to constant temperature values for the moist 
body, under steady adiabatic flow conditions. The 
theoretical considerations have been confirmed experi- 
mentally and explain why it is erroneous to use the old 
procedure, which assumes that the change of state of the 
gas can be determined from a straight-line relation or 
“ mixture line.” Finally, the changes of state of the gas 
are represented by 7-lines, and it will be shown under 
what physical conditions the r*-lines and the +r-lines 
coincide for different gases and materials. 


Basic THEORY. 


When air is in contact with a moist body or a liquid, 
under stationary or steady-flow conditions, the latter 
medium assumes a temperature which depends on the 
undisturbed state of the air. This is associated with heat 
and material transfer processes, which play an important 
part both in natural phenomena and in engineering 
applications (e.g., in drying, air-conditioning, and 
evaporating plants). 
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The evolution of the process can be described by 
considering Fig. 1, which shows a section of an area 
in which a flow of air is in contact with a moist non- 
hygroscopic body or liquid. The state of the air is 
constant at some position S above the moist body. If 
adiabatic conditions prevail i.e., if no heat is withdrawn 
from or supplied to the two elements in contact, the 
moist body or liquid will reach a constant terminal 
temperature, denoted by 7*. 

Assuming that the air is at a higher temperature 
than the moist body, and that the vapour pressure in the 
air is lower than at the surface of the body, it is then 
possible to indicate the quantity of evaporated water by 
determining the heat balance for the dotted section 
“qd” in Fig. 1. Let L = weight of pure (dry) air 
passing through the section “d” per hour. The air 
comes in from the left side with a vapour content x, and 
leaves the section on the right-hand side with a vapour 
content x,, which is greater than x, owing to the eva- 
porated weight of water received from the dotted section 
“‘d.”? Thus, in this section, L (x, — x,) units weight of 
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water are removed per hour from the moist body. If 
c specific heat of the water, the decrease in the heat 
content of the body will be Lez* (x, x,). For water, 
the value used in the following for the specific heat will 
be c = 1 kcal/kg-'C. The heat thus absorbed increases 
the enthalpy, i.e., the total heat content, of the air, so 
that the heat balance results in the relation 

Et + be — xe = Ex «. ar (1) 
where 7,’ and 7,’ are the relative enthalpy values of the air 
entering and leaving the section, respectively, based on 
water at 0 C, following the procedure suggested by 
Mollier?. 

Eq. (1) is of a type which immediately suggests the 
use of a diagram to represent the states of the moist 
gas. Various graphs have been proposed and Mollier 
considered most suitable a diagram in which the vapour 
fractions x,,. are plotted as functions of the corres- 
ponding enthalpies i,,.’._ However, as the field covered 
with rectangular co-ordinates is very small, Mollier 
introduced oblique co-ordinates, which spread out the 
values in a more satisfactory manner. This Mollier 
diagram has nct been mentioned in recent literature on 
process operations ; it is not included, for instance, 
in the books compiled by Perry®, Badger-McCabe®, and 
Brown’, and it is also absent from the recent book by 
Kroll* on drying processes, while Grubenmann’, in 
the preface to his Diagrams, remarks that many readers 
found the oblique co-ordinates difficult to apply. 

In order to introduce rectangular co-ordinates 
without reducing the extension of the diagram, the 

enthalpy of the moist gas can be related to vapour at 

0° C, instead of water. This results in some difficulty 
in expressing the heat balance equation for the gas and 
the moist body'®. This difficulty, however, can be 
completely eliminated by means of the relations 


(2a and 2b) 


In these expressions, 7, and 7, are the quantities of heat 
which have to be supplied to a gas and vapour mixture 
containing one unit weight of dry air, in order to raise 
its temperature from 0 C to a value t. The corres- 
ponding vapour fractions are denoted by x, and x., ry 
being the heat of vaporisation. The substitution of 
these relations in eq. (1) gives 

(tg — 4:)/(X2 — 1) 4i/ax = ct* fe<> 3) 
If the distance over which the gas travels is extremely 
small, 47/4x can be replaced by a differential co- 
efficient di/dx. Thus, for a stable temperature ¢* of 
the moist body, the change of state of the air is fully 
determined by eq. (3). It is convenient tc represent this 
graphically, by means of a rectangular diagram in which 
the vapour content x is used for the abscissae, while the 
ordinates represent the enthalpy 7 referred to vapour 
at 0 
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Tue MobpiIFIED 7-x DIAGRAM. 


The enthalpy/vapour content diagram fully deter- 
mines the state of a moist gas. Consequently, it also 
indicates other related quantities, such as the gas 
temperature ¢ and the degree of saturation y. To 
construct the diagram, it is first necessary to plot the 
constant-temperature lines. 

Let «, and cp denote the specific heats of pure air and 
vapour, 1espectively. Then the enthalpy is given by 

t=G t+ Xept |. ae ie (4) 
This relation ‘ndicates that the gas states occurring at 
constant temperature are straight lines. For the range 
of temperatures usually considered in evaporation pro- 
cesses, the evaluation can be based on a mean value of 
the specific heat for water vapour: cp = 0°46 Kcal/kg-° C, 
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while the relation for air is : cy, — 0°241 0°0000155 
kcal/kg-° C, according to ten Bosch". For the saturation 
curves » = constant, the evaluation is carried out by 
means of the relations 


x = Yp/y_ = 0°622 ph/P — ok) =. (5) 


where yp and y, = specific weights of vapour and air, 
respectively, ¢ = degree of saturation (constant for each 
curve), P = total pressure, and P, = pressure of satur- 
ated vapour at a temperature t. ‘The factor 0°622 is the 
ratio of the gas constants for air and water vapour. 

By putting, for instance, » = 1 (saturation line), 
the points 1 (for 20° C) and 2’ (for 40° C) are obtained. 
Taking ¢ 0:3, with a temperature of 60° C, eq. (5) 
gives a value x,, which determines point 2. The en- 
thalpy for each of these points is obtained by dropping a 
perpendicular to the base line (see dotted lines in Fig. 2). 
Points 1 and 2 can be joined by a straight line “ g,” 
which has a slope « corresponding to 


tan &% = (#, — 2,)/(X, — %) .. a (6) 
If a parallel to line “ g ” is drawn through the origin 0, 


of the diagram, it will intersect the perpendicular on the 
right-hand side of Fig. 2, and the value of the tangent, 
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VAPOUR CONTENT x 
Fig. 2. Modified and completed Mollier diagram for moist 
air. 


i.e., 47/ 4x, can be read directly from the corresponding 
scale. Other slope values are obtained from other pairs 
of points, corresponding to different initial and final 
states of the air. Parallels through 0, can always be 
drawn, provided that the tangent is positive. This is 
the case with hot-air driers, in which the cold fresh air 
enters under conditions corresponding to point 1, and 
the outgoing air has the conditions of point 2. If, 
however, hot air in the initial state of point 1*, for 
instance, flows over a moist body (as in Fig. 1), its 
temperature will decrease until it reaches a state such 
as that represented by point 2 in Fig.2. The slope 
(iz — 1,*)/(x2 — x,*) is then negative. A parallel to the 
line “g” joining the points 1* and 2 can be drawn 
through a second origin 0, on the right-hand side of the 
diagram. Extended upwards, this parallel will intersect 
the upper boundary of the diagram, and the negative 
value of 47/4x can be read off the horizontal scale 
situated above it. During the change of state from point 
1* to point 2, the enthalpy also decreases at the same 
time as the temperature, but this is so only if the en- 
thalpy 7 is related to vapour at 0 C, as shown in the 
above procedure. In a Mollier diagram with oblique 
co-ordinates, in which the enthalpy is related to water 
at 0° C, the change of state of the hot air flowing over a 
moist body is indicated by an increase in enthalpy while 
the temperature decreases. 
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‘The new 7-x diagram with rectangular co-ordinates 
can be further developed, so as to indicate not only the 
state of the main mass of the moist air (in the following 
this will be termed the “air point ”’) but also the state 
of the air immediately on the surface of the moist body 
(* surface point”). If the wet body is not hygroscopic, 
as will be assumed for the time being, then the air is 
saturated at the surface of the body, and the surface 
point can be obtained as the intersection of the tem- 
perature line for ¢ = ¢f* with the saturation curve 
gy = 1. Kg. (3) indicates that under steady conditions 
this surface point, which is given by ¢* alone, is in 
accordance with a well-determined relation depending 
on the state of the air and its change of state. When 7* 
is given, 47/4x is also determined, and vice-versa. 

In all evaporation processes, one of the most im- 
portant requirements is to obtain a definite relation 
between the state of the air and the moist-body tem- 
perature. This requirement can easily be fulfilled with 
the new diagram, by making use of the ratio %/o of the 
heat transfer coefficient and the evaporation coefficient. 
Here, it will be convenient to define o, not by a weight 
concentration per unit volume, but by means of the 
non-dimensional vapour content (i.e., the weight of 
vapour per unit weight of dry gas). Instead of having 
the dimensions of a velocity, the evaporation coefficient 
has the dimensions of weight per unit area and unit time. 


RELATIONS FOR HEAT AND MASs TRANSFER COEFFICIENTS. 


The heat transfer coefficient ~ and the evaporation 
coefficient o are related to each other by means of Lewis’s 
number! : 

Le =. 4/6, ne ar (7) 


where c, is the specific heat per unit weight of the gas 
into which the moisture evaporates. Lewis put the 
above equation equal to unity (Le = 1). It is of interest 
to determine the conditions for which this is true, i.e., 
where there is a proportionality between the heat 
transfer and the mass transfer. A first criterion is 
provided by the non-dimensional Schmidt/Prandtl 
number ratio : 

Se/Pr = (/B8)\(a/v) asp’ ss Ke (8) 
where v kinematic viscosity and a@ = thermal 
conductivity of the gas, 8’ = diffusivity of the vapour, 
Sc = Schmidt’s number, and Pr = Prandtl’s number." 
The factor f’ is expressed per unit of the concentration 
gradient, and has, therefore, the same dimensions 
as v. As the evaporation coefficient o is based on the 
vapour content, use will also be made of a similarly 
related diffusion coefficient 

=i oe se an (9) 
in which y, specific weight of air; thus, 8 has the 
dimensions of weight per unit time and unit area. It 
has been shown by Schmidt that a/8’ must equal unity 
when Le = 1. The values of Lewis’s numbers for the 
combinations of gas and material occurring in practice 
can easily be calculated from the corresponding physical 
constants. If air flows under laminar conditions at a 
distance s above a moist surface (Fig. 3), the mass of air 
at the position considered has a vapour content x and a 
temperature t, whereas at the surface of the material it 
has a vapour content xx and a temperature ¢*. In the 
absence of external supply or withdrawal of heat, the 
quantity of heat transferred through conduction from 
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Fig. 3. Diagram for determining the relations between the 
state of the gas and the temperature of the moist body. 
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the gas to the surface of the material is 

(A/s) (t — t*) = (B/s) (xe — x)r «= C6 
per unit area and unit time. In eq. (10), A thermal 
conductivity coefficient of the gas and r heat of 
vaporisation per unit weight of the liquid. The formula 
assumes a linear temperature gradient. At the surface 
of non-hygrescopic bodies, saturated vapour is produced. 
As this vapour passes through the gas, it becomes super- 
heated as a result of molecular exchanges of gas particles. 
The heat absorbed by superheating can be 5 to 50 per 
cent of the heat of evaporation in large drying installa- 
tions. Using « and a, instead of eq. (10), 


a(t — t*) = o(xe —x)r ze CER) 
and this, in conjunction with eq. (10), gives the relation 
C/G. A/ Be ee we <6F2) 


which is valid for laminar flow. Although eq. (12) has 
been derived for the evaporation process only, the same 
expression has been obtained by Hausen!’ for the reverse 
case of vapours extracted from gas by cooling processes, 
using a different derivation. 

For turbulent flow, use can be made of Nusselt’s 
similarity considerations*, which give the heat transfer 
relation 


a d/A = C(wd/v)™ x (v/a)" ee (GBS) 
as Well as the following expression for mass transfer :— 
od /B = C(wd/v)™ » (v/p’)" . (4 


In the case of a flow of gas through a tube, d repre- 
sents the tube diameter, and the constant C includes the 
ratio of tube diameter to tube length. The gas flow 
velocity is denoted by w, and m and n are constants. 
The validity of eq. (14) has been confirmed by Kirsch- 
baum, Kienzle, and other investigators. By dividing 
eq. (13) by (14), and using n = 1/3 anda A/Yt Cys 
the following important result is obtained for turbulent 
flow : 


a/o = c, (A/p)} me .. (15) 


It should be noted that if the ratios Sc/Pr = a/p’ = 
\/B c, are made equal to unity, then equations (12) and 
(15), which have been derived for laminar and turbulent 
flow, both give Lewis’s formula in its original form : 


(16) 


With the aid of the latest numerical data for A and 
B1l:15516, it is possible to calculate the values of 
4%/o and Lewis’s number for various combinations of 
gases and liquids. The following table gives a compari- 
son of calculated values with the experimental results 
determined by various investigators (mean values being 
indicated in all cases) :— 


a/o=—c 


Dp 


temperature of the water. If a linear relation between 
air temperature and vapour content is assumed”®, this 
does not lead to the conclusion that the water tempera- 
ture is constant and equal to the terminal temperature 
along the entire path of the air flow. From the linear 
relation between rt and x, the mathematical result would 
be that the vapour content at the surface of the water, 
at a point where the gas flow temperature is ¢, is also 
linearly related to water temperature. ““his invalidates, 
therefore, the assumption used for comcluding that Le 
is always equal to unity. 


RELATIONS BETWEEN STATE OF GAS AND TRANSFER 
COEFFICIENTS. 


Although the ratio «/o of the transfer coefficients can 
be evaluated by means of material parameters, it also 
determines the state of the dry gas under stable adiabatic 
conditions, if the temperature ¢* of the meist non- 
hygroscopic body is given, and vice-versa. The tem- 
perature ¢* corresponds to a saturated vapour content 
Xx (see Fig. 3), and this, in turn, determines the “ surface 
point ” xx in Fig. 4 

The question is, now, if xx and f* are the values at a 
surface point K of the liquid, what are the values x and t 
of the corresponding air point K, situated above it? 
The answer is provided by eq. (11), which gives the ratio 

a/o = r (xR — x)/(t — t*) «= ‘QD 
for which the numerical values can be regarded as 
known. Assuming any value for the air temperature 1, 
the “air point’? K, representing the state of the air, 
must be situated on the corresponding 1-line (see Fig. 4). 
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Fig. 4. Determination of line representing state of air for a 
steady temperature of the moist body and of line of equal 
cooling limit. 





| Air and water vapour 


Air and ethanol vapour 


The required value of the vapour content 





can be calculated from eq. (17), which gives 








| calculated*! measured!4; 15,19 | calculatedt | measured14> 16> 17 

x = xx — (a@/o)(t —t*)/r .. (18) 

— 0-1976 0-557 ; = 
{rewis’ s No. | 0-82 alo - 2:31 alo All the values on the right-hand side 
0:20-0:23 0-51 of eq. (18) are known. The perpendicular 
ett | Cae beh a oz “ss through x on the base-line gives on the 
; t-line the point of air equilibrium K,. 
a/o is in kcal/kg—°C; * — mean values between 0 and 100°C; +t =at0 C. In the same way; another air temperature 


There is thus fairly good agreement between cal- 
culated and measured results. The small differences 
are due partly to inevitable measuring errors and partly 
to uncertainties in the basic data used for the calculation 
of Le and ~/c. It therefore appears possible to deter- 
mine these quantities from the material parameters, 
particularly «%/o, which is not greatly affected by tem- 
perature. 

In tests of a cooling apparatus, Merkel*° obtained 
Lewis’s numbers considerably different from unity. 
He explains this by stating that the temperature of the 
water surface was lower than the measured mean 
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t, will serve to determine on line ¢, an 
additional point cf air equilibrium K,,. Joining together 
all the points thus found, the r*-line between K, and 
K (indicated as a chain-dotted line in Fig. 4) is obtained. 
The ¢*-line is the locus of all the points of air 
equilibrium corresponding to the surface point with the 
temperature f. 

The ¢*-lines thus give corresponding states of 
equilibrium but will not indicate how the state of the 
air varies. This information is obtainable from eq. (3). 
The surface point K with the Fig Specs t* is related 
to a point of air equilibrium K, by means of Fig. 4. 
From the scale on the outer boundary (see Fig. 2), for the 
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numerical value of ct* — r,, the slope of the straight 
line can be found directly, and a parallel to this line is 
drawn through the point K, in Fig. 4. The variation 
of the state of the air is characterised by this line and by 
the arrow pointing outwards from point K,. The line 
with the arrow intersects the ¢,-line at the point K,’. 
At the end of an air path of theoretically infinite length 
(Fig. 3), the wet body and the air reach the same 
temperature 7. This is found by extending the 7-line 
passing through K until it intersects the saturation 
curve ¢ 1, which gives the surface point K* with 
the temperature t* — +r. The temperature 7 is the actual 
cooling limit. Strictly speaking, at the point K* the 
value of di/dx is somewhat different from that at K,. 
However, the difference between cr* and cr is extremely 
small, in comparison with r, 597 kcal/kg, and for 
practical purposes sufficient accuracy is obtained by 
putting ct* — ry = cr — ry. The variation of the state 
of the air is thus indicated by these r-lines. 

The indications given above can also serve to con- 
struct 7-lines as curved paths, where increased accuracy 
is desirable. For such cases, a straight line through K* 
is drawn with 2 slope di/dx = cr — ry up to the next 
temperature line, for instance, r, in Fig. 4. This gives 
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the point K,’, through which another line with the slope 
di/dx = ct®’ — ry is drawn (¢*’ being the temperature 
of equilibrium at the surface point K’). This second 
line is valid up to another temperature line at a still 
higher level, etc. Finally, the broken line is replaced by 
a smooth curve. 

The ¢t*-lines and the 7-lines for the same temperature 
value intersect each other at a point which is situated 
on the saturation curve g = 1. If the wet body is 
hygroscopic, then the air on its surface is no longer 
saturated. The degree of saturation ¢ is related to the 
water content of the liquid by means of curves known as 
“absorption isothermals.”” In the i-x diagram, the 
“ surface point ’? (which indicates the state of the air 
at the surface of the body) is in this case situated at the 
intersection of the temperature line of the wet body 
with the curve for the corresponding degree of satura- 
tion. For these surface points, the ¢*-lines and 7-lines 
have the same significance as previously. They also 
intersect each other for a certain temperature value at a 
point which is now situated on the curve for the degree 
of saturation corresponding to the water content at the 
surface of the hygroscopic body” !°. 

(To be concluded) 


The Determination of Droplet Size in Arc Welding by High-speed 
Cinematography 


By P. C. VAN DER WILLIGEN and L. F. DeEFIzE. (From Philips Technical Review, Vol. 15, No. 4, October 1953, pp. 
122-128, 9 illustrations.) 


To provide data regarding droplet size in arc welding, films have been made of the transfer of weld metal, 
using a camera taking up to 3000 frames per second. With the same camera, colour films have also been 
made, presenting a very clear picture of the welding process as a whole. 


INVESTIGATION into the manner in which metal is 
transferred from the welding electrode to the work in 
arc welding has revealed that this usually takes place in 
the form of free droplets of molten metal. Sometimes, 
the droplets are so large that they constitute a short 
circuit while flowing from the electrode into the pool, 
and in this case the droplets can no longer be considered 
to be wholly free. 

To a great extent, droplet size determines the 
welding characteristics of the electrode; it is known 
that small droplets result in a smooth bead, and that 
the smaller the droplet, the more stable the arc. This 
stability relationship is especially noticeable in a.c. 
welding, where the arc is established twice per cycle. 
Electrodes producing small droplets, moreover, melt 
more quickly than those which give the larger drops, 
because a large drop usually clings to the electrode for a 
relatively longer time, thus impeding the melting of 
fresh weld metal. On the other hand, the welder will 
generally prefer to employ an electrode giving a large 
drop when it is required to’span the gap between two 
plates. 

The number of different kinds of electrode manu- 
factured has increased in the course of time, and the 
need has arisen for a quantitative determination of the 
droplet size occurring with the various electrodes. In 
order to meet this need, systematic measurements have 
been carried out in the Philips laboratories at Eind- 
hoven. In order to determine the size of the droplets, 
films were made of the arc, a method often employed to 
demonstrate the transfer of the weld metal from the 
electrode to the work. It was already known that the 
processes taking place within the arc are so rapid that 
very high film speeds (> 1500 frames per second) 
would be required to permit these processes to be fol- 
lowed. Use was made of an Eastman high-speed 
camera, capable of taking a maximum of 3000 frames 
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per second on 16 mm film; exhibited at a speed of 24 
frames per second, the pictures are seen slowed down 
by a factor of up to 125. The camera does not, of course, 
operate at full speed from the moment of starting ; this 
speed is developed gradually, approximately 1000 
frames per second being attained after 2 m of film have 
passed through the camera, 2500 frames per second after 
10 m, and 3000 frames per second after 30 m. 

To obtain an indication of the speed relating to 
every part of the film, 50-cycle a.c. was used for the 
welding arc; the current thus passes through zero 100 
times per second, so that the arc extinguishes that 
number of times per second. Another argument in 
favour of filming an a.c. arc is the increasing use of a.c. 
welding technique, which involves much less difficulty 
due to magnetic arc blow and requires less expenditure 
on equipment. 

Fumes, as well as the light emitted by the arc, tend 
to make filming difficult. Fumes can be blown from the 
field of view by means of a current of air directed across 
the arc. To minimise the effect of excessive light from 
the arc itself, a powerful light source was placed behind 
it, as shown in Fig. 1. Originally, a 60-A arc lamp (A) 
from a cinema projector was used, the light being 
concentrated around the welding arc (B) by a concave 
mirror, to produce a background of high and constant 
brightness. The welding arc thus became almost 











Fig. 1. Layout for filming weld metal droplets in the welding 
arc in silhouette. 
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invisible against the background, and the droplets 
could be filmed by the camera (C) in silhouette. 

fowever, this light source was cumbersome and 
proved rather unmanageable in use, and it was subse- 
queitly replaced by a water-cooled mercury vapour 
lamp, this being much more convenient to handle. To 
concentrate the light, a lens was mounted between the 
lamp and the arc. Another advantage of this type of 
light source is that it introduces no interfering objects 
in the beam ; the carbon arc and mirror had to be very 
carefully watched, to ensure that no shadow from the 
carbon-holder fell across the welding arc. 

In the actual apparatus used in conjunction with the 
mercury vapour lamp, the welding electrode was 
mounted in such a way that the arc remained in the 
same place while the electrode was being consumed, 
with the electrode-holder lying in the direction of the 
electrode itself and supported by four guide rollers. 
The work was pulled along below the arc at the required 
speed by an electric motor. It was not found necessary 
to use automatic feed for the electrode-holder to main- 
tain a constant arc length. The arc length was checked 
by means of an optical system with a calibrated eyepiece, 
and the camera was started as soon as the arc attained 
the desired length. The operator had no difficulty in 
keeping the arc length constant for the few seconds 
needed to take the shot (15 m of film). 


DETERMINATION OF CHARACTERISTIC DROPLET SIZE. 


The individual pictures on the film are projected 
one by one on the screen, from which the diameters of 
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Fig. 2. Silhouette pictures of droplet transfer in arc welding. 


the droplets, as well as the diameter of the electrode, are 
measured. As the actual electrode size is known, the 
real diameter of the droplets is easily ascertainable. 

It is first necessary, however, to define the size of 
the droplet to be regarded as characteristic of an elec- 
trode. The transfer of metal is determined by the vo/- 
ume of the droplets, so that it is desirable to work in 
terms of droplet volumes, as obtained from the observed 
diameters. Let n, be the number of droplets found, of 
which the volume is v;. It will be clear that the arith- 
metic mean droplet volume 2n,v;/2n; will not be 
suitable for representing the volume of the characteristic 
dropi.t. As against the very large number of small 
droplets, the influence of the larger drops, which, after 
all, are those contributing most towards the transfer of 
metal, would thus remain obscured. This objection is 
removed by counting each drop a number of times 
proportional to its volume, i.e., to the contribution of the 
droplet to the transfer of weld metal. The characteristic 
droplet volume is then defined as : 

Vv. = £n; v,7/ ON; v; 

Each droplet is encased in a protective coating of 
slag, and the volumetric percentage of slag will certainly 
vary between one droplet and another. However, in 
order to take the average volume of slag into account in 
the calculation, the characteristic droplet volume is 
reduced by the (known) volumetric percentage of slag 
in the molten bead, taking the result to be the charac- 
teristic volume of the iron core of the droplets. From 
this, the characteristic diameter d. of the droplet core 
is then obtained. 
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(d) 


Some of the intermediate frames have been omitted from each 


strip, as will be seen from the numbering. 


(a) Metal transfer from Philips 48-5 gas-shielded electrode. The short-circuiting of the arc is clearly visible, starting at the moment the alternat- 
ing current passes through zero and lasting almost one whole cycle (1/59 sec). Film speed, 2000 frames per sec. 

(b) Additional pictures of the Philips 48-5 electrode. In frames 1, 2, and 3, the arc is extinguished (current=zero). In 2 there is a momentary 
short circuit, but no material is transferred. From 5, 8, 11, and 13 it will be seen that the arc exerts a force on the droplet, thus distorting it. 

(c) With the contact electrode C18-4, which is derived from the Philips 48 electrode, the metal transfer is in the form of small droplets. Weld 


made with free arc. 


(d) The low-hydrogen (basic) electrode, Philips 56-5. Two free droplets are seen, the upper one of which has the dimensions of the characteristic 


droplet (d-/D 0.57) 


(e 
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The arc is extinguished only in frame 3. 
Additional pictures of the Philips 56-5 electrode. Here, a large Yo poordy is seen in process of being transferred. The arc is extinguished in 1 
and 23. The 23 frames r-present one half-cycle of the a.c. (1/100 sec). 
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A complication is encountered with contact electrodes 
in that the size of the droplet cannot be determined from 
the silhouette, if the weld is made in accordance with 
usual practice. Normally, the cup of the electrode rests 
on the work, and the space between the coating and the 
work is then so small that the formation of the droplets 
cannot be observed. To enable the droplet size to be 
determined, welding with the contact electrode was 
therefore effected with an open arc. It remains a moot 
point whether the size of the characteristic droplet in 
normal contact welding procedure would be the same. 

The values obtained for contact electrodes C18-4* 
and C20-4, as well as for the oxide-silicate electrode 
Philips 50-5 (from which contact electrode C20 was 
derived), are shown in Table I. A few of the results of 
measurement on the basic (low hydrogen) electrode 
Philips 56-5 are also included. 


largest droplets (Figs. 2d and 2e) ; the spherical form 
of the droplet is characteristic of this electrode. It is 
known that the FeO content of the weld metal of this 
basic electrode is very low (0-001°,,); the viscosity 
and surface tension are accordingly high. 


THE ‘‘ OPTICAL EFFICIENCY.” 


In order to gain some impression as to whether the 
transfer of weld metal was actually recorded quan- 
titatively on the film, the volume of material (iron and 
slag) transferred per second was first determined from 
the measured droplet diameters. This result was then 
divided by the volume of iron and slag per second, 
ascertained from the actual weight of the quantities of 
material deposited and the known specific gravities, 
For the C18-4 electrode, this ‘‘ optical efficiency ”’ was 
found to be 100°,, as, of course, it should be. The basic 

electrodes gave values of 150 to 200°,, and the 

















Tasuz 1. Diamerem oF tas Inow Cons oF tus Cusnacrenstic Dacpisr son = Philips 50 electrode only 50°. By moulding the 

: . droplets from the basic electrodes in a synthetic 

Electrode* | Current Bd au — c d,/D gabon resin and then cutting them through, it was show a 

(A) ( (mm) | sec. | (mm) electrodes) that many of these droplets contained cavities. 

- Hence, the droplet volumes observed from the 

C 18-4 4 . -. | wa) ee | oe ed film were greater than their true volumes. (In 

Ko 165 | 42 Sai 145 1:8 0-44 0-38 normal welding, the droplets merge in the liquid 
pool and the cavities entirely disappear). 

C 20-4 190 35 6-1 91 23 | 0°58 | 0°44 In the case of the Philips 50 electrode, 

Philips 50-5 200 35 4:8 162 1-3 0:26 | aus several droplets were apparently not observed ; 

- these were presumably quantities of very smal] 

Philips 56-5 = a -: - <2 em am droplets which had been rendered invisible by 

: 330 38 5-3 42 3-3 | 0-66 = smoke, or by the fact that their silhouettes 

ae 200 38 5-5 24 2:6 0:53 _ were indistinguishable from blemishes in the 


film. Clearly, in this case, the value of d, obtained 





In general, larger droplets are to be expected to 
result from larger core diameters D, so that, to charac- 
terise the type of welding rod, the value of d, obtained 
should be divided by the value of D. For the contact 
electrode, moreover, the ratio d,/D’ is also given, where 
D’ is the core diameter which the contact electrode 
would have if all the iron in the coating were included 
in the core. (In the C18 electrode, 24°, of the iron is in 
the coating as powder ; in the C 20, 41°,). 


DISCUSSION OF RESULTS. 

The gas-shielded electrode Philips 48 was specially 
designed to give a large droplet, and the film in fact 
showed that metal was transferred from this electrode 
only when the arc was short-circuited (Figs. 2a and 2b). 
It is therefore somewhat surprising that with the C18- 
electrode, which is the contact version of the Philips 48, 
the material is transferred only in the form of small, 
free droplets (Fig. 2c). The conversion to contact 
electrode has thus resulted in an appreciable decrease in 
the size of the droplet. Just the opposite has taken place, 
however, in the oxide-silicate electrode Philips 50 and its 
contact counterpart, the C 20; the table shows that the 
ratio d,/D’ of the C20 is almost twice the ratio d,/D 
of the Philips 50. No explanation has as yet been found 
for these facts. 

The ratios d,/D’ of the E18 and C20 electrodes are 
practically the same. It is remarkable that a much larger 
percentage of very small droplets was found for the C18 
than for any other of the electrodes measured. In the 
calculation of d,, however, these smaller droplets are of 
minor importance. 

The molten metal at the extremity of the Philips 
50 electrode, as well as that in the metal pool, is very 
mobile. This fact, coupled with the smallness of the 
droplet (the smallest measured) is related to the com- 
paratively high FeO content of the molten metal 
(approx. 0:04°%,), which greatly reduces the viscosity 
and surface tension of the molten metal. The droplets 
transferred are irregular in shape. 

The Philips 56, low-hydrogen electrode gives the 

*The win figure in the designation of all denen mentioned 
indicates the core diameter in mm, 
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for this electrode, which is already very low, is 
nevertheless too high. 


CoLour FILMs, 


In addition to black-and-white silhouette films, some 
colour films were also made with the intention of giving 
an overall picture of the welding process. The light 
source (A) was mounted so as to illuminate the work at 
slightly more than grazing incidence, as indicated in 
Fig. 3. The camera (C) was similarly mounted, so as to 
photograph the work (B) from an angle. In order to get 
as much reflected light as possible into the camera, the 
surface of the work was polished before each shot ; 
in spite of this, so much light was lost that the arc 
was much brighter than the background. 








Fig. 3. Path of rays when filming with reflected light. 


The advantage of filming from an angle is that 
the pool of metal under the arc, with the layer of liquid 
slag on its surface, is then clearly visible. This gives a 
good perspective view of the welding processes. In 
addition to the advantage of more or less natural colour- 
ing, the use of colour film, owing to its laminated struc- 
ture, gives pictures almost entirely free from the 
halation which otherwise occurs when the camera is 
directed towards the light source. 

These films demonstrate the steadier arc and 
smaller spatter losses obtained when the contact electrode 
is used ; they also show the shape of the arc. Filming 
with the contact electrode at an oblique angle, giving 
a view into the cup, confirms that the end of the core 
metal is always covered with a layer of slag during 
welding. 
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New Materials, Processes and Equipment | 








INDUSTRIAL TELEVISION EQUIPMENT 


The latest product of the research organisation of 
Pye Limited, of Cambridge, is an economical, high- 
definition television system for use in science and 
industry. 

The entire equipment for the generation and control 
of the television image, consisting of camera, pulse 
generator, and power supply components, is contained 
within a compact camera case measuring only 16% = 64 

14in. A specially designed Pye high-definition 14-in. 
picture monitor, connected to the camera via a single 
coaxial cable, completes a television chain capable of 
conveying immediate and accurate visual information of 
any kind to observers, who may be located at distances 
up to 1000 ft from the camera. 





The new industrial camera employs a Cathodeon 
Staticon miniature TV camera tube, measuring only 
6 in. in length by 1 in. in diameter. This tube operates 
on the “‘ photo-conductive ”’ principle, as distinct from 
the ‘‘ photo-emissive ” principle used in tubes in 
conventional television cameras. As a result, a basically 
simple type of construction can be employed. In this 
connection, it may be mentioned that considerable 
research has been undertaken to simplify the complex 
circuitry normally associated with TV transmission 
equipment. The measure of success attained can be 
gauged from the fact that only 23 valves are used and 
that this comparatively small number carries out the 
functions of camera tube scanning, video amplification, 
accurate pulse generation to a standard usually employed 
only by professional TV stations, and, finally, provides 
an amplitude-modulated radio-frequency output signal 
for application to the aerial socket of a conventionai 
television receiver, should it be desired to use one. 

Unusual mechanical design is also a prominent fea- 
ture of the equipment. All components are located on a 
single chassis unit, mounted vertically between the 
front and rear panels of the camera. In addition, this 
chassis constitutes the mechanical framework and has 
been constructed to impart more than adequate strength 
to the complete assembly. The camera tube is located 
near the base of the unit, mounted inside the deflection, 
focusing, and alignment coil assembly controlling the 
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scanning process of the electron beam generated within 
the tube. Critical optical focusing is achieved by 
moving the pick-up tube and coil assembly backwards 
and forwards with respect to the operating lens; a 
special carriage for this purpose is operated by a rack 
and pinion system via a twin-speed epicyclic gear, 
controlled by dual focusing knobs on the right-hand 
side of the camera case, for coarse and fine adjustment. 

The power supply components are accommodated in 
the lower portion of the chassis, while the video amplify- 
ing, scanning, and pulse generating circuits occupy the 
larger, upper section. A silent and efficient ventilation 
fan is mounted between these sections, creating a con- 
tinuous flow of air and maintaining cool working con- 
ditions for all components. 

The camera operates on all a.c. supplies from 90 to 
240 V, 50-60 cps, power consumption being only 150 W 
approximately. The rotary lens turret accommodates 
three precision coated objectives, giving a wide choice of 
viewing angles. The four lenses currently available are 
of 1 in. focal length (f:1-4) ; 2 in. (f:2°3) ; 4 in. (£:3-5) ; 
and 6 in. (f:5-6), respectively. The camera, which is 
supplied complete with a lightweight carrying case, 
weighs only 31 lb, without lenses, and is available in 
two models, viz. :—British and International, for 405- 
line and 525 625-line systems, respectively. 

Additional features of the new camera include low 
pick-up tube replacement, costs ; simple maintenance, 
the outer case being easily removable, exposing all 
components and wiring ; and extremely simple opera- 
tion, accomplished by only four external controls and a 
power on-off switch, permitting satisfactory operation by 
any layman. 

The 14 in. high-definition picture monitor supplied 
with the equipment is a precision instrument, with a 
power consumption of only 200W, and is designed to 
give the highest possible picture quality. A “ dark- 
screen ”’ viewing filter is fitted, thereby ensuring bright, 
clear pictures under all ambient lighting conditions. If 
desired, a mobile cradle mounting for the monitor can 
be supplied as an accessory. As in the case of the 
camera, two models are available, British and Inter- 
national, respectively. A 27-in. monitor is also available 
and, as indicated previously, any domestic type of 
television receiver can be used alternatively, if desired. 
Furthermore, virtualiy any number of receivers can be 
operated simultaneously from the same camera. 

The uses to which equipment of this type can be put 
are almost unlimited. In the United ate industrial 
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television has already found a wide range of applications, 
particularly in the heavier industries, in cases where work 
cannot be watched by the human eye, as, for example, in 
blast furnaces, or where close observation may be 
dangerous, as in certain experimental work on explosives. 
Pye equipment of the type described is employed in 
Great Britain in similar applications and in others, 
notably in connection with banking institutions where it 
is required to relay information, clients’ signatures, etc., 
between provincial premises and headquarters. Under- 
water television, of great value in salvage operations, is 
already an accomplished fact, as, too, is the use of 
television in hospitals and in education. Thus, for 
instance, the recently opened College of Rubber Tech- 
nology at Holloway has paved the way by installing this 
type of equipment for teaching purposes. The new 
College has been completely wired for television in every 
lecture room, and, in a demonstration during the 
opening ceremonies, a Pye camera was installed in the 
rubber shop, pictures being viewed in the lecture 
theatre on a 27-in. monitor by an audience of 180. A 
typical use of this kind, showing one of these cameras 
set up for televising a lathe operation, is illustrated. 


ENGINE PRE-HEATING EQUIPMENT 


A new engine preheating equipment, which makes it 
possible to start diesel or petrol engines quickly under 
severe arctic conditions, has been developed by the 
Stewart-Warner Corporation, of Chicago, U.S.A. 

The new equipment, known as the “‘ South Wind ”’ 
Heater, is adaptable for use on vehicles ; on ships with 
diesel engines on decks or otherwise exposed; on 
engine-driven generators or compressors; on engines 
of cranes, winches, or booms used for cargo handling 
on docks or materials handling elsewhere ; or, in any 
outdoors location where ambient temperatures fall 
below “ practical ” engine starting temperatures. 

Heating of the interior of the engine is accomplished, 
in the Stewart-Warner system, by the circulation of 
clean air, heated to approximately 400° F, through the 
engine. In addition, heated air can be introduced 





into the engine air induction system via the air cleaner, 
thus aiding combustion by warming the air and fuel 
vapour, and preventing condensation of the fuel on cold 
manifold and combustion chamber walls. Tests conduc- 
ted on engines using heated induction air have resulted 
in starts after only a few revolutions of the engine, 
thereby imposing a minimum load on battery charge. 

Lubricatirg oil may be heated by means of a heat 
exchanger built into or around the oil sump. A successful 
method used involves finned tubing routed through the 
oil sump, with air at 400° F, or the combustion heater 
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as the containers pass through the machine. 








“ane routed through the sump exchanger, to heat the 
oil. 

Using a standard vehicle heater with a normal de- 
livery of 20,000 BTU/hr, a 6-cylinder diesel engine, 
weighing over 3000 lb, has been started after less than 
One minute’s cranking at 60 to 90 rpm, at temperatures 
from —25 to —65° F, using SAE 10-W oil. This 
engine was pre-heated from 25 to 75 minutes. 

Because the heaters employed, in the case of trucks or 
other vehicles, are engine-mounted, although indepen- 
dently operated, the heat output, after cold weather 
starting has been accomplished, can be diverted to 
personnel heating, defrosting, cargo heating, etc., by 
means of simple diversion dampers, elimirating the need 
for other heating equipment on the vehicle. 

The illustration shows a typical installation fitted to 
a diesel engine. 


FULLY AUTOMATIC POWDER-PACKING 
PLANT 


The precision weighing and filling into tins or 
containers of milk powders and similar powders which 
bulk above the container when filled, has always been 
considered to present very serious difficulties. A 
machine, which succeeds in combining really accurate 
weighing with the rapid filling of such powders, is 
announced by Autopack Limited, of Birmingham. 

The tins are conveyed into the machine by a con- 
veyor, which can link up with other machines, and are 
diverted into two rotors which feed them to the filling 
position, where the exact quantity of powder is weighed 
in from four accurate ‘‘ Autopack ” weighing machines 
giving an accuracy of 0-5 per cent overall tolerance, and 
weighing from } to 1 lb of powder. 

While it is being carried round to the outlet, vibration 
is applied to settle the material down to the required 
level in the container. Spring-loaded funnels with soft 
rubber washers are mounted on top of the containers, 
surplus material being retained by these funnels and 
the feed plates above them, and being vibrated down 
In the 
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TRIPLE EFFECT KRYSTAL EVAPORATOR INSTALLATION 


This plant built mainly in solid nickel for the production of 
300 tons/day of pure Sodium Chloride crystals, from well brine 
is typical of many multiple effect KRYSTAL installations, in 
operation throughout the world producing Sodium Chloride, 


Ammonium Sulphate, Ammonium Nitrate and other salts. 
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final siages of the passage through the rotor, pressure 
is appli: -d to complete the settling down of the powder. 
The filled containers are finally discharged from each 
rotor on to the outlet conveyor, which links up with the 
seaming machine. 

Automatic controls ensure that no material can be 
discharged unless a container is actually in position, 
and that no double or half quantities can be discharged 
at any time during the cycle of operations. The com- 
plete machine (illustrated) is mounted on a substantial 
table and is self-contained with driving motor. Speeds 
of up to 70 containers per minute are possible, according 
to the weight of material and the size of the containers 
being handled. A slower speed machine can also be 
supplied, consisting of one rotor only, with a twin set 
of automatic weighing machines, giving an output 
speed of 30 to 35 containers per minute. 


DIRECT WRITING POLAROGRAPH 


The Cambridge Direct Writing Polarograph, manu- 
factured by the Cambridge Instrument Company, 
Limited, of London, S.W.1, has been designed for the 
rapid chemical analysis of solutions by an electrochemical 
method. It requires only a very small quantity of solu- 
tion, which, as it is practically unaffected, can be used 
for repeated tests. The method employed is that largely 
developed by Heyrovsky and his co-workers, and is 





From a jet immersed in the solution, a stream of 
mercury drops is allowed to fall into a pool of mercury. 
A variable voltage is applied between the jet and the 
pool, and the resulting electric current is measured. 
The voltage-current curve of the solution generally 
exhibits a series of ‘‘ steps,”’ the position of which on 
the voltage scale is a characteristic of the nature of the 
ions present in the solution, while, from the height of the 
“step,” it is possible to measure the concentration of the 
ions by calibration under constant working conditions. 

The instrument is equally well adapted for industrial 
use and for research. The recording unit is completely 
self-contained, and comprises a robust, direct-writing 
galvanometer with amplifier, a potentiometer, and the 
chart driving mechanism. The paper chart has a re- 
cording space of 75 mm on the current axis by 160 mm 
on the voltage axis, and is divided into 1 mm squares. 
The chart is driven by a synchronous motor, with a two- 
speed gear giving speeds of 15 mm or 3-75 mm per 
minute. 

The dropping mercury electrode system consists of 
an electrolytic cell for holding the solution, a capillary 
tube, and a mercury reservoir, the position of which 
can be adjusted vertically, to give the correct mercury 
height for the capillary in use. For accurate measure- 
ments of current, necessitating constant temperature, 
a thermostat, controlling to within about 0-1° C, can be 
supplied. This is normally used at 25° C, but can be 
readily set at any temperature up to 35° C. Electrode 
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vessels and cells can be supplied either for use in the 
stand or in the thermostat. The normal cell capacity of 
all types is about 2 millilitres, but larger cells, holding 
20 ml, are available. 

If desired, the instrument can be supplied with a 
Univector unit, enabling a pure a.c. voltage to be 
superimposed on the standard d.c. voltage applied to the 
dropping mercury system, thus producing polarograms 
of greater sensitivity. 


CYCLE CONTROLLER FOR PLASTICS 
INDUSTRY 


The manufacture of articles by the moulding of 
thermosetting plastics has long been established, but the 
development of control equipment designed especially 
for this application has been somewhat retarded by the 
very nature of the process. However, what is claimed to 
be the last word in plastic moulding control is now an- 
nounced by the Bristol Instrument Company, of Bristol, 
in the shape of their new cycle controller, Model 
10CC x 500. 

By careful design it has been possible to include in a 
standard 500 Series case up to ten process switches, 
available for opening and closing the press and other 
similar functions, together with an electrical process 
timer, process signalling lamps, and press buttons for 
starting and emergency resetting. Provision has also 
been made for the signal lamps and control buttons to 
be wired externally, if required, so that the instruments 
may be located in a position where damage or operator 
interference is eliminated. Timing inaccuracies have 
been virtually eliminated, down time of the press has 
been minimised, and versatility of operation is ensured. 





The instrument consists of a rotating camshaft, 
upon which up to ten operating cams are mounted. 
The speed of rotation of the shaft can be readily altered 
by the substitution of a gear-change piate in the drive of 
the frequency-controlled motor. This is accomplished 
by the simple removal of two screws. Cycle durations 
from 20 seconds up to 5 minutes in 10-second steps are 
available and other speeds on application. The cams, 
which are engraved 0 to 100°, from zero around their 
profiles, are slotted, to accommodate a number of 
operating dogs. The use of percentage graduations 
enables the dogs to be rapidly set up with respect to the 
rotation time of the camshaft, irrespective of the time 
cycle being used. Rapid removal of the camshaft 
provides maximum access for setting up the dogs on the 
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work »ench. Should a number of siandard repetitive 
cycles be required, additional camshafts can be supplied 
and s!ipped into position by opening the split bearings 
fitted, and exchanging the existing camshaft for the 
desired preset cycle. The dogs operating the process 
sequence are locked on to the cam by nuts, which can be 
rapidly slackened off and re-adjusted. 

It has been found that timing inaccuracies occur 
where a number of operating switches are functioning 
at the same time. This is due to the friction of the 
operating faces of the cams on the switches or valves. 
To prevent this, the controller is so designed that contact 
between dogs rotating on the camshaft and the switches 
occurs during the change-over period only, resulting in a 
practically constant loading on the drive motor at mini- 
mum torque. For the major part of the cycle, the motor 
is required merely to rotate the shaft. 

An important feature of the instrument is the re- 
setting mechanism, which has been so designed that, 
by pressing the reset button, the control circuits are 
isolated and the camshaft reverses its direction of rotation 
and returns to zero. The completion of reset is signalled 
by coloured lamps and the pressing of the start button is 
all that is required to restart the sequence from zero. 
As a safety measure, the circuit is so arranged that the 
resetting mechanism is non-operative during the cure 
period. 

During the cure, the controller stops and remains 
stationary for the timed period. Adjustments to the 
cure period can be readily made by altering the pointer 
on the dial of the process timer mounted on the front of 
the instrument. Once the period has expired, the con- 
troller restarts and the timer automatically resets for the 
next cycle. 

The controller is entirely electrical and the control 
circuits are completely isolated from the functional 
circuits of the instrument so that, if preferred, low 
voltages only are used in the proximity of the press. 


MULTI-CHANNEL AMPLIFIER SYSTEM 


The unitised, multi-channel Amplifier System “‘ D,” 
manufactured by Consolidated Engineering Corporation, 
of Pasadena, California, now offers extended carrier- 
amplifier range and increased data capacity. Both 
linear-integrating and carrier amplifier units may be 
used in any combination up to a maximum of 12, to 
permit simultaneous use of self-generating and exter- 
nally excited pick-ups. Physical phenomena in the 
0-5000 cps range may be amplified and the system output 
coupled to any recording oscillograph equipped with 
galvanometers of matched characteristics. 

Highly versatile, the system may be used with 
capacitance, inductance, reluctance, resistance, piezo- 
electric, and photo-electric types of transducers, as well 
as with types developed in the laboratory for specific test 
instrumentation requirements. Thus, a single oscillo- 
graph record may contain indications of strain, pressure, 
acceleration, vibratory displacement, and velocity. 
Rugged, lightweight construction and wide temperature 
operating range (—10° C to |- 40° C ambient) permit 
use under varied conditions, including laboratory, field, 
and flight-test applications. 

The single-channel amplifier units plug into stacking, 
four-channel capacity cases, with all input, output, and 
power connections made automatically upon insertion, 
to eliminate intricate wiring. Controls mounted on the 
front panel provide operating convenience. 

The carrier amplifiers provide uniform frequency 
response (- 2°,) from input signals in the 0-600 cps 
range. Each incorporates a balance circuit for 
removing resistive or reactive unbalance from either 
two- or four-arm bridges. The null-balance type bridge 
circuit maintains linearity under all operating conditions, 
cancelling temperature effects and providing a zero- 
reference point unaffected by attenuator setting. A 
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phase-sensitive demodulator provides directicnal sense 
for the output signal. Full-scale output may be obtained 
from input signals in the 1 millivolt to 1 volt rms range. 
Flat frequency response of the linear-integrating 
amplifiers is as follows :—Linear, + 5°, from 5 to 
5000 cps; integrating, -|: 6°, from 5 to 5000 cps (low 
range), and + 6°, from 50 to 5000 cps (high range). 
Input signals for linear amplification may be as low as 
3 mV, while those required for integrating operation are 
190 mV (low range) and 19 mV (high range). Sufficient 
power for the complete operation of as many as 12 
amplifier channels is provided by the system’s new 
oscillator-power supply. Excitation of pick-ups used 
with the system is accomplished by means of the 
oscillator section’s 10 V, 3 kc, 12 W carrier output. 


EXHAUST FANS. 

A new series of exhaust fans, coupled with a new 
form of ducting, has been introduced by Turner & 
Brown Ltd., of Bolton. Known as the “ Turbro” 
range of centrifugal fans, they and the ducting are 
almost entirely constructed from a recently developed 
grade of rigid plastic industrial sheet (VYBAK VR.215), 
based upon polyvinyl chloride (P.V.C.), and supplied 
by Bakelite Limited. This material has high impact 
and tensile strength, good dimensional stability, and 
exceptional resistance to chemical attack or weathering. 
As a result, the life of any installation fabricated from 
it greatly exceeds that of ‘‘ protected metals.” 

The fans range from the “ Turbro” Junior (illus- 
trated), with an exiraction capacity of 300-330 cfm 
and intended for use with fume cupboards, small 
laboratories, etc., through a variety of sizes to suit 
individual requirements up to a maximum displacement 
of 15,000 cfm. 

In these fans, the casing, impeller, and impeller 
shaft are made entirely from VYBAK Rigid Sheet, and 
the whole is so designed that no metallic parts are in 
contact with corrosive fumes. The casing itself ccnforms 
to existing principles, but is bolted to an outside frame 
of metal, and this arrangement allows the outlet to have 
no less than sixteen equi-arc positions, as well as permit- 
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We are now free to announce the availability 
of Dualloys Thin Wall Bearings. hese will exhibit 
the same dependable quality and capacity tor long service 
which characterise our thick wall bearings and will 
enjoy an equal reputation. Our Company and its personnel have had 
long and successful experience of bearing manufacture. 
Our new thin wall bearings result from this specialist experience. 
If you would like to know more about Dualloys Thin Wall Bearings, 
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ting the fan to be easily coupled with existing ducting or 
to be fitted into small, enclosed areas. The impeller 
has twelve blades round a central boss, all made from 
the same material, and a hollow shaft to allow the intro- 
duction of the keyed steel shaft from the motor. All the 
equipment is designed in strict accordance with aero- 
dynamic principles, and a long series of tests has shown 
it to be virtually noiseless in operation. 

The VYBAK P.V.C. sheet used in this design has 
been specially developed to meet the need in industry 
for a tough constructional material which can be 
machined and fabricated by methods similar to those 
used for sheet metals, though considerably more easily. 
It can be sawn, drilled, routed, and milled, and may also 
be formed by heating above its softening point and cool- 
ing in contact with the desired contour. In addition, it 
can be *“‘ hot gas ”’ welded with matching rod. It thus 


lends itself readily to the fabrication of all kinds of 


chemical plant—tanks, ducting, etc.—though, being 
thermoplastic, it should not be used unsupported at 
temperatures above 60° C. Up to this degree, however, 
ic remains perfectly inert, with the properties already 
enumerated, and it may be noted that tubing and rod 
extruded from similar compounds for pipe-lines, valves, 
etc., are also obtainable. 


MOTORISED HYDRAULIC TUBE BENDER. 


To meet modern trends, Messrs. Chamberlain 
Industries Limited, of Leyton, London, E.10, announce 
that considerable improvements have now been in- 
corporated in their new model M/4 “ Staffa’”’ portable 
motorised hydraulic tube bender. 
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By adopting a simplified form of hydraulic pump, 
the bending speed has been so increased that, when 
powered by a 2 hp motor, the 15 ton ram thrusts forward 
at a speed of 21” per minute. This means that 4’ 
nominal bore steam and gas tubes, the largest tubes 
the machine can accommodate, are now bent to an angle 
of 90 deg cold and unloaded in 1 minute instead of in 
4 minutes, as required on the old design. 

In addition to the existing 3-way control valve, a 
2-button direct-on-line starter, with thermal overload 
trips, has now been provided, to enable the operator to 
have complete control of the machine within his imme- 
diate reach. The patent take-off arms, exclusive to 
‘* Staffa products, eliminate the old-fashioned, labour 
wasting and often dangerous methods of tube removal 
after bending by means of wedges, hammers, etc. This 
operation is now carried out automatically without any 
effort at all on the part of the operator, and fatigue is 
thus reduced to a minimum. 

All classes of steam and gas tubes can be bent ex- 
peditiously by means of accurately machined cast steel 
formers, which can be provided for tubes from 3” to 4” 
nominal bores. Electrical conduits up to 2” diameter, 
heavy hydraulic tubes up to 3” diameter, and black mild 
steel flat bars up tc 7” ~« }”, can also be bent up to 90 deg 
by the use of additional formers. 


HYDRAULIC POWER PRESSES 


Made in three sizes, and providing working pressures 
of 9, 20, and 50 tons respectively, the all-steel welded 
‘** Marlco ” hydraulic power presses, manufactured by 
W. H. Marley & Co. Limited, of London, N.11, offer 
maximum rigidity with minimum weight, the strength of 
any part being far beyond the capacity of the machine. 





Three speeds of operation in both directions are 
available, but, when operating on the slower speeds, the 
speed control handle can be used to provide a fast 
approach or return. This is not necessary on production 
work, as the design incorporates on the return stroke 
an automatic trip, which can be set for any distance. 
Movement of the ram is controlled by either foot or 
hand mechanism. Whichever is used, it must be held 
for the ram to advance, as the ram will stop at its existing 
position immediately it is released. This feature has 
obvious advantages where “ inching ” is required. On 
the return stroke, the control is moved in the opposite 
direction and can be released immediately, the trip 


31 








DUST COLLECTION 
IN A BIG WAY! 

















TYPE ‘E’ DUST COLLECTING UNIT 


For dealing with dry, non-fibrous, non-explosive dusts 
with air temperature not exceeding 160° F. Fully 
automatic shaking, mechanically controlled at specific 
intervals without interrupting production. This system 
dees not involve rapping the fabric but uses the flow 
of air entirely for filter sleeve cleaning. Made on unit 
can therefore be used in composite form 


Can be mounted on floor 


principle ; 
according to requirements. 
or steel supports at high level. 
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We manufacture every type of Dust Collecting and 
Ventilating Plant—large or small. We also supply P.V.C. 
Ducting and Hoods. Write or phone for further details. 
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Osborn ‘‘Solidend”’ Tools and Welded Blanks con- 
consist of a full section of $.0.B.V. Cutting Alloy, 
or High Speed Steel butt-welded on toa High tensile 
steel shank. This weld remains unaffected by 
forging and heat treatment. 

Users thus obtain all the benefit of a SOLID tool at 
a fraction of the cost. ‘Solidend’’ welded blanks 
are supplied for those who prefer to forge their 
own tools. 

All standard shapes are available; special patterns 
and form tools made to requirements. 
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mechanism automatically stopping the traverse at the 
at yusly set position. 

1e design of the ram and table permits the easy 
has bly of special adaptors and fixtures, many of which 
can be supplied as extra equipment, others being made to 
customer’s specification. Push and pull broaching, 
cropping, deep-drawing, embossing, extrusion, piercing, 
and many other operations requiring pressure can be 
successfully undertaken. 

The patented pressure control is novel in design and 
fool-proof in operation. The slide is set at the pressure 
required, as shown on a graduated scale, and locked in 
position. The operator is then free to watch the opera- 
tion with the knowledge that the safety valve will 
function if the pressure is exceeded. This feature per- 
mits the use of semi-skilled or unskilled labour on 
operations which would previously have been too 
exacting. 

The pump is compact in design, and includes an 
automatic lubrication system to all moving parts. 


“RIGID FLEXIBLE” TUBING FOR SUDS 
PUMPS 


To enable a lathe operator to effect instantaneous 
adjustment of the direction of flow of cooling and 
lubricating fluid over a cutting tool and, at the same time, 
to dispense with the need for multiple universal joints 





(all of which can leak), a “ rigid flexible’ tubing is 
being manufactured for use with suds pumps, by 
Creators, Ltd., of Sheerwater, Woking. 

Whereas most brass suds pump pipes, as used on 
lathes to-day, have as many as fifteen or twenty inde- 
pendent brass fittings on a single eighteen inch length, 
the new form of tubing is in one piece, without joints, 
and has no laminations to come apart after continual 
flexing. It is. manufactured with a nozzle at one end and 
a connection for fitting to a suds pump at the other, as 
shown in the illustration. The tubing is resistant to 
petrol, grease, oil, water, and almost all acids and 
alkalis. 

The tubing, known as “ Rigiflex,” is made from a 
special synthetic compound, which is also abrasion- 
proof, and has a 120-ton tensile steel spring built into 
the wall of the tube in combination with a specially 
manufactured alloy to give it rigidity. As a result, the 
tubing can be bent between thumb and forefinger, but 
will remain rigidly in the position determined by the 
operator. 


PORTABLE WEIGHING MACHINE 


The largest capacity portable weighing device in 
the world, to weigh up to 200 tons, has been tested at 
Lloyd’s Proving House, Netherton, where it was 
subjected to a 50 per cent overload—equivalent to a 
total weight strain of 300 tons. 
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The instrument, which itself weighs more than six 
tons, is an outsize development of the crane weigher 
made by Geo. Salter & Co., Ltd., of West Bromwich. 
It has been made especially for the English Steel 
Corporation, of Sheffield, and will be used for weighing 
castings and forgings of nearly 200 tons as they are 
lifted and moved for loading. This particular weigher 
is 12 ft high, yet the actual movement in the weighing 
mechanism is only one-eighth of an inch, graduations of 
one ton up to 200 being controlled by the flexing of two 
Belleville washers opposed to each other as two concave 
surfaces. Hitherto, the largest Salter crane weigher 
made has had a capacity of 120 tons. 


REDUCING VALVES FOR AIRCRAFT 

A new range of reducing valves for aircraft, capable 
of controlling and stabilising supplies of hot air tapped 
from the compressor of a gas turbine engine, has 
just been introduced by The Hymatic Engineering Co. 
Ltd., of Redditch, Worcs. The output from these 
valves can be used for such applications as pressurising 
the tanks to transfer or jettison fuel and to prevent fuel 
losses by boiling at high altitudes and for space and 
component heating or pressurisation. 

Known as the PS.48 series, these new valves can 
stabilise inlet pressures of up to 200 psi at constant 
adjustable outlet pressures of up to 35 psi, within 
provisional temperature limits of — 40 C to 250°C. 
No organic packing materials are employed and there 
are no limitations arising from differential expansion. 
Pressure control is achieved by balancing air pressure 
on a piston against an adjustable spring load. As the 
piston is not packed, a small leak is unavoidable and a 
vent connection is provided to allow the leakage air to 
be piped away. 





A simple, but highly effective, means of balance and 
compensation ensures that the closely controlled outlet 
pressure is almost unaffected by variations in inlet 
pressure. In most cases a fuel tank pressure can be 
held to | 0:25 psi from the nominal setting for flows 
up to at least 15 cfm of free air—taking into account 
even unavoidable pipe losses between valve and tank. 
This is achieved by arranging for the reduced pressure 
at the valve to rise with increasing flow by an amount 
approximately equal to the pressure loss in the pipe 
line to the tank. 

This type of valve, which weighs 1-4 Ib, is suitable 
for duties where contamination with gas turbine fuels 
is likely, as the casing is pressure-tight, and hence there 
is no risk of fuel leakage into the surrounding aircraft 
structure. 





ERRATUM. 


On page 478 of our December 1953 issue, reference 
was made to “‘ The first diesel compressor with a 
flywheel-type synchronous motor...” In this context, 
the word “ diesel”? should have been omitted, and the 
title of the item should have read “* Atlas Diesel Com- 
pressor,” since the machine described is not in any sense 
a diesel compressor, ‘‘ Atlas Diesel” referring to the 
company which manufactured it. 
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BEARING AND BEARING MATERIALS 


Functions of Materials in Bearing Operation. 


By P. P. Love, P. G. ForRESTER, and A. E. BURKE. 
(From a paper presented at a meeting of the Automo- 
bile Division of the Institution of Mechanical Engineers, 
London, December 8, 1953, 8 pages, 22 illustrations.) 


THE ranges of operating conditions in reciprocating 
internal combustion engines and the continual demand 
for higher performance frequently prevent the elegant 
solution of design problems. This is because the satis- 
factory operation of many of the components of the 
engines depends on a combination of physical mechan- 
isms, each of which is fundamentally limited. The 
design of bearings presents such problems, necessitating 
compromise and involving a large degree of judgment 
on the part of the designer. 

The objects of this paper are to outline these prob- 
lems, to describe some of the compromises, and to 
indicate, with reference to examples, how such prob- 
lems are being tackled quantitatively by the bearing 
designer. The paper is limited to the consideration of 
plain bearings, particularly main bearings and 
connecting-rod big-end bearings. 

his paper considers the numerous factors affecting 
the operation of such bearings ; .he problems of bearing 
design, from the aspect of the selection of the various 
materials which are combined in the construction of a 
bearing assembly, are discussed. An attempt is made to 
bring together conclusions reached by studying the 
factors referred to singly or in groups, and the per- 
formance of bearings in practice. The latter is based on a 
study in summary of the three types of bearing failure, 
i.e., seizure, excessive wear, and mechanical breakdown. 
Comment on recent work by Lunn and Roach is made, 
and a working hypothesis on the effective fatigue strength 
of a bearing lining is proposed. 

The conclusions reached are that the factors in- 
fluencing the performance of a bearing are highly 
complex, and that the choice of material, and the design, 
still rest to a large extent on empirical knowledge. 

The work which has been carried out in a number of 
different fields is, however, now beginning to fall into 
place, making it possible to construct much more general 
hypotheses concerning bearing operation. In addition, 
much more satisfactory apparatus and experimental 
techniques have, in recent years, been developed for 
testing hypotheses. Fairly rapid advance may therefore 
be expected. 





BOILERS 


Quick-Starting of Large High-Pressure High- 
Temperature Boilers. 


By J. C. FALKNER. (From Transactions of the ASME, 
U.S.A., Vol. 75, No. 8, November 1953, pp. 1407-1460, 
95 illustrations.) 


IN the near future, Consolidated Edison’s generating 
stations will be faced with routine week-end 24 and 48-hr 
shutdowns of large, single-unit, high-pressure, high- 
temperature turbines and boilers. It is with this pro- 
spective situation in mind, together with a conviction 
that quick-starting from cold of large high-pressure 
boilers, when properly handled, is less rigorous on the 
expanding boiler structure than present 5 to 6-hr starts, 
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that this investigation was carried out by the author. 

The results reported in this paper demonstrate how 
the basic objective of starting 1,000,000 lb/hr, high- 
pressure, high-temperature boilers from cold to a steam 
condition suitable for turbine synchronisation in one 
hour has been accomplished successfully without any 
shortening of normally expected superheater tube life, 
and with drum tangential stresses less than those during 
slow-starting, except at the drum ends. In these local 
areas, minor drum internal-baffle changes could be made, 
and these should reduce the stresses well below permiss- 
ible values. 

The 1-hr starting time, whilst apparently not the 
minimum possible, is, in the judgment of the author, a 
reasonable minimum time to permit a complete check 
by the operators of boiler and turbine conditions during 
the starting period. 

It is hoped that the data presented in this paper will 
be useful to other utility operators, when their system 
growth and number of installations of high-pressure 
high-temperature units reach the point where week-end 
shutdowns become necessary; and also to boiler de- 
signers for consideration of provisions in present and 
future designs for improved circulation in the drum 
ends, and to permit them to issue more definite re- 
commendations to operators with regard co maximum 
permissible drum-metal temperature spreads at the 
various drum pressures during the starting period. 


ELECTRIC MACHINERY 


Characteristics of the Induction Frequency Con- 
verter. 

By R. C. Moore. (From Allis-Chalmers Electrical 
Review, U.S.A., Vol. 18, No. 3, 3rd Quarter, 1953, 
pp. 27-29, 7 illustrations.) 


THE wound-rotor induction motor is widely used be- 
cause speed change is easily effected by varying an 
external resistance, electrically connected to the rotor. 
Slip rings are necessary to dissipate resistance losses 
outside the motor and to simplify resistor step adjust- 
ments. In applications of this type, the power delivered 
by the motor shaft is of principal interest. Rotor re- 
sistance losses are incidental and are tolerated in order to 
obtain speed variations. However, if the power in the 
rotor circuit is utilised, instead of being wasted in re- 
sistors, the converter principle of the induction motor is 
obtained. 

When the stator winding of the converter is con- 
nected to a power supply of constant voltage and fre- 
quency, a rotating magnetic field is set up in the air 
gap and induces voltage in the rotor winding. At stand- 
still, the frequency of this induced voltage is the same as 
that of the stator and its magnitude depends on the 
design value of turns ratio between the stator and rotor 
windings. 

The frequency at which the converter delivers power 
is determined by the slip of the rotor with respect to the 
rotating magnetic field. Induced rotor voltage and fre- 
quency are dependent on rotor speed, while the ratio of 
induced rotor voltage to its frequency is constant, re- 
gardless of rotor speed. 

For applications requiring accurate regulation of 
variable speeds within a specified range of relatively 
low shaft speeds, the induction frequency converter is 
definitely practical. Although it is essentially a wound- 
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rotor motor, modifications in design and construction 
are necessary, and these modifications depend on the 
specific > application. Careful consideration must be 
given to the converter design, to ensure a system that 
will operate successfully. 


ILLUMINATING ENGINEERING. 


Frequency and Fluorescent Lamps. 


By D. E. SPENCER. (From Electrical Engineering, U.S.A., 
Vol. 72, No. 12, December 1953, pp. 1066-1070, 6 
illustrations.) 


WitH the development of a better understanding of 
electric circuits and electromagnetic fields, engineers 
have found that higher frequencies than the standard 50 
to 60 cps are preferable in many applications. For 
instance, aircraft equipment is normally designed for 
higher frequencies, such as 600 cps, thereby reducing the 
weight of synchronous equipment, as compared with 
similar 50 or 60 cps equipment. Electric furnaces for 
induction heating of metals are available with frequencies 
of 1000, 3000, and 10,000 cps. 

Although the ordinary commercial frequency was 
developed to meet the needs of incandescent lamps, it is 
theoretically unsuitable for the operation of fluorescent 
lamps. To obtain best performance, fluorescent lamps 
should be operated at a much higher frequency. While 
the dynamic thermal equilibrium of an incandescent 
lamp is satisfactorily approximated at a frequency of 50 to 
60 cps, the dynamic characteristics of fluorescent lamps, 
under ordinary conditions of operation, are relatively 
complicated, because inertia effects are comparatively 
small. Frequencies above 60 cps are required to produce 
dynamic equilibrium. 

Optimum operation of fluorescent lamps is obtained 
at frequencies between 3000 and 10,000 cps. If such 
lamps are operated, for example, at 3000 cps, the system 
is both practical and economical. Among other ad- 
vantages derived from the use of higher frequencies are 
the following :—Linear volt-ampere characteristics for 
fluorescent lamps ; sinusoidal waveform ; larger lumen 
output at rated power input (between 6 and 15%, in- 
crease) ; no visible flicker and no stroboscopic effect ; 
quick starting; no audible ballast hum; no radio: 
frequency interference ; reduction in weight of metal 
required for lamp auxiliaries ; and reduction in overall 
cost of lighting system. 

The engineer who is designing any large lighting 
system should give careful consideration to the advisa- 
bility of increasing the frequercy to at least 3000 cps. 





LOCOMOTIVES 


Some Questions about the Steam Locomotive. 


By W. A. TuPLIN. (From a paper presented at a meeting 
of the Institution of Locomotive Engineers, London, 
December 16, 1953, 29 pages, 11 illustrations.) 


THIS paper touches on a few casually selected items out 
of the very large number presented by the steam loco- 
motive for discussion, and ranges from basic principles 
to practical details. In most machinery, however, the 
details are important and perhaps especially so where 
fluid pressure is a major factor, because leakage past 
pistons and valves can be more important than the effect 
of any reasonable change in major dimensions. Overdue 
washing-out of the boiler may drastically reduce power 
development, a broken oil pipe may bring a run to a 
premature end, difficulty of access to a lubricating point 
may induce the man concerned to risk omitting a re-fill 
for once, and uncomfortable conditions for the men on an 
engine may disincline them to take the little extra trouble 
that may be required to extract a time- -keeping perform- 
ance from it. Thus, practical details may be more 
important than fundamentals in the day-to-day running 
of locomotives. 
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The common occurrence of “‘ good” and ‘ bad ” 
engines of nominally identical dimensions has long been 
accepted as inevitable, but with the reduction of loco- 
motive stocks to a small number of standard classes it 
may be practicable to challenge the inevitable. For 
example, a small staff of ‘‘ trouble-shooters ” might take 
an engine stigmatised by enginemen as bad, apply some 
tests to find out whether it is in fact bad, and then check 
over all important dimensions with special precision, in 
order to find just where the engine is below standard 
quality in material or accuracy. Something of the sort has 
no doubt been attempted by shed maintenance staff, 
probably in many cases without success, but the prob- 
lem may nevertheless usually yield to expert staff properly 
equipped for detection and correction. 

It seems certain that the present general form of the 
steam locomotive is the best compromise between funda- 
mental ideals and practical possibilities. This paper 
questions whether any useful thermodynamic gain is to 
be expected from raising steam pressures or tempera- 
tures, and suggests that the best designs can be expected 
only from those who regularly re-acquaint themselves 
with the difficulties encountered in building locomotives 
and maintaining and running them under working 
conditions. The basic principles are simple, but detail 
design for economy in manufacture and service still 
leaves room for ingenuity and rigorous testing. 


ROLLING MILL PRACTICE 


The Calculation of Roll Force and Torque in Hot 
Rolling Mills. 


By R. B. Sims. (From an advance copy of a paper sub- 
mitted to the Institution of Mechanical Engineers, 
London, December, 1953, 12 pages, 12 illustrations.) 





THE exact solution of the rolling process is not known ; 
even the form of the slip-line field in the plastic material 
between the rolls is still a matter for conjecture. A 
solution to the problem of strip rolling has been attemp- 
ted by Orowan (1943), who based his analysis on the 
simplifying assumption that the deformation resembled 
the compression between rough inclined platens, a 
problem which had been solved in part by Nadai (1931). 
Although this assumption is not strictly correct, Orowan 
has shown that it gives a closer approximation to the 
pressure distribution in the arc of contact than earlier 
equations (von Karman, 1925; Siebel, 1925), par- 
ticularly for hot rolling. 

Although used as a standard against which other 
theories of rolling are often compared, Orowan’s equa- 
tions to the roll pressure have not been applied generally 
to mill design and operation because of the time needed 
to complete the numerical calculations for a set of passes. 
The present analysis provides a method of calculating 
roll load and torque in the case of hot rolling, in which 
the time required to compute the roll force and torque in 
a pass schedule is reduced to a few minutes, with little 
loss of accuracy in comparison with a calculation carried 
out using Orowan’s equations. 

The assumption of plane deformation has been made 
in deriving the proposed equations. They may be ap- 
plied, therefore, to passes where the width thickness 
ratio for the material is greater than 5 and, preferably, is 
greater than 10. There is a wide range of products rolled 
where the width/thickness ratio is less than 5. Billets, 
for instance, are rolled nearly square in section, and this 
departure from plan deformation makes a theoretical 
solution almost impossible. This problem has been 
examined experimentally by the rolling of bars of pure 
lead in a mill equipped with roll load and torque meters, 
and an empirical solution is suggested from the results. 

In this paper, equations are derived for the normal 
roll pressure, specific roll load, and torque in hot rolling 
mills, using the condition for plastic deformation in 
rolling derived by Orowan, together with von Karman’s 
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equation of equilibrium. Although applying strictly to 
the roiling of ideal plastic-rigid materials, these equations 
may be applied to the rolling of materials which strain- 
harden by using a mean value of the yield stress in the 
ass. 

, The equations have been checked against measure- 
ments made when rolling pure lead at room tempera- 
tures, and against the results of the experiments on steel 
at elevated temperatures carried out at Holfors. There is 
close agreement between the calculated and measured 
roll loads, but the roll torque is over-estimated slightly 
by the theory, above reductions of about 30 per cent in 
thickness. 


STANDARDS AND SPECIFICATIONS 


Technical Features of the New British Standard 
System of Limits and Fits. 


By H. G. Conway. (From a paper presented at a 
meeting of the Institution of Mechanical Engineers, 
London, December 18, 1953, 15 pages, 15 illustrations.) 


OnE of the most important tools of the design engineer 
is a standard used for determining and specifying toler- 
ances and fits for all classes of products manufactured to 
interchangeable limits. The publication, therefore, of a 
new British Standard for limits and fits in recent months 
is a matter of importance to all British designers and 
production men. The publication of Part 1 of B.S. 1916 
in May, 1953, is only the third occasion on which a 
British Standard for limits and fits has been issued, the 
previous occasions being in 1924 and 1906. 

Standardisation of nominal diameters is a necessary 
preliminary, and, although practice may vary in the use 
of common fractional or decimal sizes, the bulk of 
modern design work applies limits and tolerances to 
common, and frequently used, sizes; Part 11 of B.S. 
1916 contains official recommendations in this matter. 
The main purpose of a limit and fit standard is to enable 
a degree of standardisation of certain types of tool and 
gauge to be achieved, either locally in a firm, in the case 
of an industrial standard, or nationally throughout the 
country, in the case of a British Standard. It is a com- 
mon experience, notwithstanding, that even where a 
firm does use a tolerance standard, it is possible to find in 
tool or gauge stores a wide variety of reamers or plug 
gauges of almost, but not quite, identical dimensions. A 
good national standard, conscientiously applied, is the 
best means of correcting this state of affairs. 

Another advantage of a limits and fits system is that 
it enables guidance to be given on the specification of 
limits by recommending associations of hole and shaft, 
thus giving the designer a reasonable selection to choose 
from, rather than allowing him to create fits from his 
imagination, to the detriment of tool and gauge stocks, 
and often the cost of production. 

This paper discusses the new British Standard for 
limits and fits for engineering, outlining in particular its 
technical features and explaining how the system has 
been built up. A brief historical review of other systems 
is made, with references to their faults. The prospects 
of adopticn of an equivalent system by the United States 
and a corresponding decision already taken by Canada 
are mentioned. 

The paper goes on to discuss the theoretical require- 
ments of a good tolerance system and then compares the 
new standard with the theoretical desiderata. The 
technical reason for each particular diameter step, 
tolerance value, or shaft or hole allowance is given, 
supplementing the necessarily bare data given in the 
standard itself. 

Indications are given of the future extensicns of the 
system likely to be made following international dis- 
cussions in relation to tolerances for small diameters as 
used in the horological industry, tolerances for precision 
fits and fine quality gauges, and tolerances for large 
diameters up to about 6 feet. The practical difficulties 
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in determining and using tolerances in diameters above 
20 inches are considered in some detail, and a plea is 
made for discussion and information on this matter. 


STRENGTH OF MATERIALS 


Approximate Approach to the Torsion Problem 
of a Shaft with a Circumferential Notch. 

By H. Oxuso. (From The Reports of the Institute of 
High-Speed Mechanics, Téhoku University, Fapan, 
Vol. 3, 1953, pp. 1-9, 5 illustrations.) 

THE torsion problem of a bar with varying circular 

section has been treated by several investigators over a 

long period. Usually, the solution covering all points in 

a shaft is found first, and then the maximum stress is 

obtained. Accordingly, the analysis becomes compli- 

cated and thus only a few cases have been treated 
completely. 

It is essential from the technological point of view, 
however, to find the stresses around a notch, rather than 
the stresses at every point in a shaft. The approach 
employed in this paper is somewhat different from 
others, and the approximate values for the stresses and 
the twist on the surface of a shaft are found directly 
without solving the problem completely. 

A simple method is presented for the approximate 
determination of the stresses and twist on the surface of 
a shaft with a circumferential notch. The lines of shear- 
ing stress near the surface are replaced by the corres- 
ponding streamlines of a uniform flow in an infinite 
domain. Theoretically, the approximation is compre- 
hensible only in the limit case, where the dimensions 
of the notch are infinitely small compared with those of 
the shaft. 

As an example, the problem of a shaft with a semi- 
circular notch has been evaluated numerically. Contrary 
to expectations, the results closely agree with those of 
the exact solution, even in the cases of moderate notch 
dimensions. This fact shows that the lines of shearing 
stress at the points near the surface are not affected 
appreciably by the relative dimensions of the notch, 
inasmuch as the dimensions of the notch may be 
considered small compared with those of the shaft. 
This consideration simplifies the analysis considerably, 
since the streamlines for various cases have been in- 
vestigated extensively and these results can be imme- 
diately applicable to the present problem. 

The solution for a semi-elliptical notch has been 
obtained in this way. Formulae for maximum stress, 
where the depth and the radius of curvature of the notch 
are specified, and also for the twist on the surface of the 
shaft, have been derived in simple forms. 





Plastic Collapse of Thin Rings. 

By CHINTSUN Hwang. (From fournal of the Aeronautical 
Sciences, U.S.A., Vol. 20, No. 12, December, 1953, 
pp. 819-826, 845, 6 illustrations.) 

THE elastic stress analysis of a redundant structure under 

steadily increasing loads, usually a tedious task, is 

applicable only when the stresses are below the yield 
limit. The structure may be said to have failed when the 
stresses in some locations reach the yield stress. Another 
way of defining the failure condition depends upon the 
deformation of the structure. It may be/said that the 
structure fails when it yields completely at several 
locations and collapses as a mechanism. Thus, to study 
the failure of a structure, all that is necessary is to analyse 
the possible ways of total collapse of the structure. 
When several concentrated or distributed loads are 
applied on a circular or elliptical ring and are increased 
proportionally, the ring first yields at some locations and, 
at the final stage, collapses as a mechanism. The collapse 
of a ring cannot take place until the number of yield 
joints developed in the ring exceeds its number of 
redundancies. In this paper, the configuration of the 
collapse mechanism, the corresponding collapse load of 


35 












New Year 
with ESC 
utting Tools 





Constant research into modern metal 
cutting technique is reflected in the 


high performance of these products. 





ENGLISH STEEL CORPORATION LTD. 
Openshaw, Manchester 


Makers of high quality Engineers’ Cutting Tools for over a century 


A63 THE ENGINEERS’ DIGEST 


where 
in atr 
Cof 
pheri 
situat 
line, 
point: 
presst 
= 
some’ 
sf 
Ibser’ 
wrigin 
presst 


De 
involv: 
develo 
low. 

ever | 
enrich 
compo 
among 
gas-tuy 
of the 
acquis: 
rigine 
reality. 
engine 


JANI 





oy 








rings, ani the deformations of a circular ring immediately 
pefore p\astic collapse takes place, are studied. 

For sings in which the heights of the cross-section are 
gnall, compared with their overall dimensions, the 
stresses are essentially due to flexure of the ring segments 
when the ring is under the action of concentrated forces. 
The stresses due to axial and shear forces are relatively 
small and may be neglected. Furthermore, at the instant 
of plastic collapse, the deformation of the ring as a 
mechanism is unlimited if no strain-hardening of the 
material in the plastic state is assumed. In parts of the 
ring where the sections are still elastic, or partly elastic 
and partly plastic, the deformation is contained and may 
peneglected. Thus, the change in geometry of the ring 
is disregarded ; the ring is considered as a mechanism 
made of perfectly rigid members, connected by yield 
joints offering constant resisting moments. The positions 
of these yield joints and the corresponding collapse load 
ae found for several typical loading conditions. 





MECHANISM OF COMBUSTION OF 
GUNPOWDERS AND EXPLOSIVES 


(Concluded from page 14) 


where v = rate of combustion in mm/sec, p = pressure 
inatmospheres absolute, and t = initial temperature in 
Cof the gelatine dynamite. At pressures below atmos- 
pheric, it was found that the measured points were 
situated slightly off the leg vw line for 20 C. A straight 
line, running as nearly as possible through the test 
points at 20° C, was drawn over the entire range of 
pressures, and this gave the values 6 = 0°82 and A 

0:53. Thus, it appears probable that A and 6b vary 
somewhat with pressure. 

The percentage variation between the calculated and 
bserved values was moderate, however, even when the 
iginal constants were used for the entire range of 
pressures. 
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COMPOUND GAS PRIME MOVERS 
(Concluded from page 8) 


Despite the fact that the thermodynamic principles 
involved have been understood for a Icng time, the 
development of compound gas prime movers has been 
low. To-day, the subject merits attention more than 
‘ver because, in recent years, engineering has been 
‘ntiched by several devices, in which the principles of 
compounding have been put into practice. Foremost 
among these is the gas turbine, as developed for pure 
sas-turbine engines and for supercharging with the aid 
if the exhaust energy of piston engines. The next 
aquisition has been the free-piston gas generator, 
riginated by Pescara. This engine became a practical 
tality, mainly through the perseverance of a group of 
‘¢gineers working in France under Huber, but is 
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NET SPEC POWER OUTPUT, hp per IbOF 


at present actively pursued both in this country (Messrs. 
Alan Muntz, Ltd.) and in America. An original British 
contribution is the highly supercharged two-stroke 
valveless compression-ignition reciprocating crankshaft 
engine, nursed by Sir Harry Ricardo and matured in the 
Napier Nomad aero-engine, to-day the most successful 
prototype of the geared compound prime mover. 
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SUPERCHARGE RATIO 
Fig. 3. 


Having reached this stage of development and, aided 
by subsidiary lines of progress, such as practical, efficient, 
high-pressure, high-speed rotary displacement com- 
pressors, in the shape of the Lysholm-Howden-Elliott 
compressor, we may now look forward to the evolution 
of the compounding principle as a new phase in heat 
engineering. 

In this review we have endeavoured to simplify 
the pattern of possibilities by using the broadest prin- 
ciples of classification. In practice, however, such 
principles are not always easy to apply. Thus, isothermal 
processes can often be approximated only by a number of 
steps consisting of adiabatic and constant-pressure heat 
addition or rejection. Stepped processes require a 
multiplicity of units. Moreover, even if the most 
appropriate cycle for economy in the production of 
power can be generally recognised, in many prime 
mover installations some of the factors enumerated 
earlier, apart from the fuel economy and weight cost 
factor, can be decisive. 

To-day, we seem to be on the threshold of the “‘ gas- 
turbine age.” As a matter of fact, it is hard to believe 
that, although the first gas-turbine patent was actually 
granted in 1791, the gas turbine remained an outsider 
even after the steam turbine became prominent in 
power generation and ship propulsion. This historical 
reminder should teach us to pay more attenticn to other 
developments which, like the gas turbine, have remained 
on the fringe of competitive success for a generation, 
if not more. Certainly, the economic stakes of prime 
mover engineering are very high indeed. 
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NEWS OF THE MONTH 





NEW YEAR HONOURS 


The New Years Honours List, published on January Ist, contains 
the names of many engineers, industrialists and scientists. It 
includes the following names :— 


KNIGHTS BACHELOR 


Donald F. Anderson, chairman, Shipping Federation, and 
President, Chamber of Shipping of the United Kingdom ; George 
F. Earle, C.B.E., chairman, Associated Portland Cement Manu- 
facturers, Ltd.; John B. Elliot, chairman, London Transport 
Executive ; Ernest H. Lever, chairman and chief executive, Steel 
Company of Wales, Ltd.; Oliver Lyle, O.B.E., for services in 
promoting fuel efficiency ; Herbert J. B. Manzoni, C.B.E., city 
engineer and surveyor, Birmingham; Edward T. Paris, C.B., 
chief scientific adviser, Home Office ; Walter C. Puckey, formerly 
deputy controller of supplies (air), Ministry of Supply ; William G. 
Radley, C.B.E., engineer-in-chief, General Post Office; John O. 
Sanders, C.M.G., general manager, Malayan Railway, and member 
for Railways and Ports, Federation of Malaya; Kenneth D. L. 
Sinclair, D.L., chairman, Belfast Harbour Commissioners ; 
Lawrence J. Wackett, for services to the aircraft industry in 
Australia. 


ORDER OF THE BATH 


K.C.B. Sir James R. C. Helmore, K.C.M.G., Permanent 
Secretary, Ministry of Supply; Victor G. Shepheard, C.B., 
director of naval construction, Admiralty. 

C.B. A. T. Barnard, B.E., chief superintendent, Royal 
Ordnance Factories, Woolwich; M. P. Murray, under-secretary, 
Ministry of Fuel and Power; Rear-Admiral (E) Leopold E. 
Rebbeck ; H. J. Watson, deputy director, dockyards, Admiralty ; 
Engineer Rear-Admiral J. W. Wishart. 


ROYAL VICTORIAN ORDER 


K.C.V.0O. James McFadyen McNeill, C.B.E., M.C., 
managing director, John Brown and Co., Ltd., Clydebank. 


ORDER OF SAINT MICHAEL AND SAINT GEORGE 


C.M.G. N. C. Robertson, M.B.E., director-general of 
electronics production, Ministry of Supply; I. Clunies-Ross, 
chairman, Scientific and Industrial Research Organisation, Australia. 


ORDER OF THE BRITISH EMPIRE 


K.B.E. Leonard P. Lord, chairman and managing director, 
British Motor Corporation, Ltd.; S. C. Mitchell, C.B., O.B.E., 
R.N.(ret.), controller of guided weapons and electronics, Ministry 
of Supply. 

C.B.E. G.T. Bussey, assistant secretary, Ministry of Fuel and 
Power; N. C. Chapling, managing director, Cable and Wireless, 
Ltd.; St. J. de H. Elstub, director, Metal Division, Imperial 
Chemical Industries, Ltd. ; W. G. Fergusson, assistant secretary, 
Ministry of Materials; R. D. Gwyther, M.C., M.I.C.E., senior 
partner, Coode and Partners, consulting engineers, London; E. J. 
Holford-Strevens, joint controller for North-Western region, 
Board of Trade and Ministry of Supply ; B. P. Ingamells, director, 
merchant shipbuilding and repairs, Admiralty; C. R. King, 
chairman, East Midlands Electricity Board; G. J. S. Little, G.M., 
assistant engineer-in-chief, General Post Office; A. G. B. Owen, 
joint managing director, Rubery, Owen and Co., Ltd., Birmingham ; 
G. D. Smith, managing director, Bush Radio, Ltd.; Captain G. 
Villar, R.N.(ret.), M.Inst.N.A., general manager Southampton 
works and director, John I. Thornycroft and Co., Ltd. ; F. W. G. 
White, chief executive officer, Scientific and Industrial Research 
Organisation, Australia; M.D. N. Wyatt, chairman, Airwork, Ltd. 
7 O.B.E. . H. Baines, deputy director of radio equipment 
production) Admiralty; J. Begbie, superintendent engineer, 
Marine Department, Nigeria; A. D. M. Brown, chief engineer, 
Iraq State Railways; H. Brown, superintendent mechanical and 
electrical engineer, Air Ministry ; J. Chamberlain, chief engineer, 
Aiton & Co., Ltd., Derby; E. J. Cowles, principal, Ministry of 
Materials ; R. K. Cushing, principal scientific officer, Ministry of 
Supply ; W. Langford, manager for France, of Associated British 
Machine Tool Makers Ltd.; J. H. McCuaig, shipyard manager, 
Harland and Wolff, Ltd.; T. W. McCullough, deputy chief 
inspector of factories, Ministry of Labour and National Service ; 
A. Marsh, director, National Smoke Abatement Society; F. V. 
Mills, chief executive officer, Ministry of Transport and Civil 
Aviation ; A. S. Mitson, assistant director, electronics production, 
Ministry of Supply ; R. A. Moir, M.C., chief telephone engineer, 
Standard Telephones and Cables, Ltd.; P. E. Montagnon, 
senior principal scientific Officer, Ministry of Fuel and Power; J. 
Mould, deputy chairman, East Midlands Electricity Board; W. C. 
Muirhead, special director, English Steel Corporation, Ltd., 
Sheffield; A. J. Nicholas, director and general manager, South 
Wales Switchgear, Ltd.; A. J. Perkins, superintendent, Royal 
Ordnance Factory, Cardiff; T. G. Poppy, controller, Standards 
Department, Board of Trade; M. J. L. Pulling, senior super- 
intendent engineer (television), British Broadcasting Corporation ; 
W. H. Purdie, engineering director, William Doxford and Sons, Ltd. 
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Sunderland; B. A. Renton, principal, Ministry of Materials ; 
A. P. Ruddy, general manager, High Speed Alloys Mining Co., Ltd., 
Burma; H. F. H. Shields, managing and technical director, British 
Ropeway Engineering Co., Ltd.; Commander (E) D. P. Spar- 
ham, R.N.; R. T. Stevens, M.B.E., director, electricity and 
telephones, Mauritius ; J. M. Stewart, technical manager, Ulster 
Steamship Co., Ltd., Belfast; W. G. Woodhead, general manager, 
English Coaling Co., Port Said. 

M.B.E. W. J. Baker, divisional manager, Northern Division, 
South Western Gas Board ; J. S. Ball, head of design and develop- 
ment department, Henry Simon, Ltd., Stockport ; O. H. Barron, 
engineer, planning and installation department, British Broadcasting 
Corporation; Frank Boardman, engineer and manager, Cardiff 
Undertaking, Welsh Gas Board; J. L. Buchan, director and 
manager, William Broady and Son, Ltd., Hull; H. J. Clark, 
senior technical officer, Ministry of Works; H. J. M. Couch, 
senior ship surveyor, Ministry of Transport and Civil Aviation ; 
H. J. Cull, assistant head, Department of Physics and Mathe- 
matics, Birmingham College of Technology; L. T. Dawes, com- 
mercial manager, secretary and director, Beyer, Peacock and Co., 
Ltd., Gorton, Manchester ; W. J. Dixon, deputy contracts manager 
(pricing), Automatic Telephone and Electric Co., Ltd., Liverpool ; 
A. W. Dunlop, engineering superintendent, Short Brothers and 
Harland, Ltd., Belfast ; H. F. W. Golding, chief inspector, North- 
ern Aluminium Co., Ltd., Banbury ; F. H. Green, senior executive 
officer, Ministry of Supply; W. H. F. Griffiths, chief engineer, 
H. W. Sullivan, Ltd., Peckham, London, S.E.15; W. H. R. 
Gunner, transport officer, Central Mechanical Equipment De- 
partment, Southern Rhodesia; H. J. Harbour, test controller, 
E. K. Cole, Ltd., Ekco Works, Southend-on-Sea, Essex; John 
Hastings, civilian workshop officer (technical grade I), R.E.M.E. 
workshops, Aldershot; G. J. Hughes, laminated department, 
Bakelite, Ltd., Birmingham ; E. J. Jarvis, deputy manager ; Surrey 
sub-area, South Eastern Electricity Board ; P. S. Kemsley, works 
superintendent, Joseph Lucas, Ltd., Burnley; Major Adam 
Kilburn, R.E.M.E.; W. R. J. Leach, higher executive officer, 








THE LEWIS SPRING CO. LTD., 
Springs, Spring Clips, Presswork, Wire Forms. 
RESILIENT WORKS, REDDITCH, Phone: Redditch 720/1/2 
London Office: 321, High Holborn, W.C.1. Phone: Holborn7479 & 7470 
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f Supply ; Horace Le Fevre, higher executive officer, 


Ministry 
Ministry f Transport and Civil Aviation; Colin McKay, head 
foreman shipwright, John Brown and Co., Ltd., Clydebank ; W. R 


Maunder, technical officer, grade I, Ministry of Transport and Giri 
B. Mills, chief designer, Fodens, Ltd., Sandbach, 


Aviation 
Cheshire J. M. Montague, senior executive officer, Ministry of 
Materials ; E. A. Musto, senior executive officer, Ministry of Fuel 
and Power; R. P. Pedley, research engineer, Percival Aircraft, 


Ltd. ; E. J. ee eK executive officer, Ministry of Transport and 
Civil “aviation; G.H Rippon, technical director, Maun Industries, 
Ltd., Mansfield ; John Rix, production engineer, Vosper, Ltd., 
Portsmouth ; H. W. Sealley, dock superintendent, Avonmouth 
Docks ; J. D. D. Shaw, managing director, James +“ and 
Son, Ltd., electrical engineers, Paisley, Scotland; A. H. Shipley, 
manager, engineering department, Dendex Brushes, Lid., Chepstow, 
Monmouthshire; L. A. Siffre, district superintendent, South- 
ampton Mercantile Marine Office, Ministry of Transport and Civil 
Aviation; C. W. Stanbridge, assistant manager, Royal Ordnance 
Factory, Chorley; D. R. Todd, M.Inst.N.A., naval architect, 
John I. Thornycroft and Co., Ltd., Southampton; A. F. Tosh, 
director and 3 manager, Summerson’s Foundries, Ltd., Dar- 
lington; C. H. Wainwright, higher executive officer, Ministry 
of Transport and Civil Aviation ; Miss Mildred B. Waters, higher 
executive officer, Department of Scientific and Industrial Research ; 
John Wilson, general works manager, Blaw Knox, Ltd., Brompton 
Ruad, London. 
PERSONAL 

Lord Bennett of Edgbaston, C.B.E., has been succeeded by 
Mr. Tom Williamson, C.B.E., as chairman of the British Pro- 
ductivity Council, 21 Tothill Street, London, S.W.1. Lord 
Bennett, however, will remain a member of the Council. Sir 
Ewart Smith has been appointed deputy chairman of the Council, 
in succession to Sir Lincoln Evans, C.B.E., who earlier last year 
had been appointed vice-chairman of the Iron and Steel Board. 

Sir Harry Brown, C.M.G., M.B.E., M.I.E.E., full-time 
chairman of the British General Electric Co. Pty. Ltd., Magnet 
House, 104/14 Clarence Street, Sydney, Australia, has resigned at 
the age of 75. Mr. T. E. Morgan, managing director, has been 
appointed chairman and managing director of the Australian 
company. Mr. T. Bridge, Mr. R. J. Darton and Mr. C. 
— have been appointed directors. 

Mr. E. J. Bradley, G.I.P.E., has been appointed works manager 
of bag Technical Services Ltd., Birmingham. 

Mr. J. B. Bryce has been appointed chief marine engineer of 
the Vacuum Oil Co. Ltd., in succession to Mr. G. M. McGavin, 
who is taking up special duties for the Company. Mr. R. O. 
Keyworth has been appointed Liverpool marine branch manager, 
in a to Mr. Bryce. 

Mr. C. J. Psst Fag vice president of The Institute of Civil 
Engineers of Ireland, has been appointed chief engineer to the Dublin 
Port and Docks Board, Dublin. 

Major-General C. A. L. Dunphie, C.B., C.B.E., D.S.O., of 
Vickers-Armstrong Ltd., Mr. J. W. Platt, of Anglo-Saxon Petro- 
leum Co. Ltd., and Mr. W. F. Wackrill, O.B.E., of Esso Trans- 
portation Co. Ltd., have been elected members of the General 
Committee ot Lloyd’s Register of Shipping, 71 Fenchurch Street, 
London, E.C.3. 

Mr. E. F. Farrington has been appointed assistant to the chief 
engineer for duties in connection with capital expenditure schemes 
and developments of the Appleby-Frodingham Steel Co. Ltd., 
Scunthorpe. Mr. R. B. Atkin has been appointed senior civil 
engineer for maintenance. 

r. H. Faulkner, C.M.G., B.Sc., M.I.E.E., F.I.R.E., has 
been appointed to the office of director of the Telecommunication 
Engineering and Manufacturing Association. Mr. Faulkner has 
had a lifelong connection with Telecommunication, having been 
for 40 years with the British Post Office, from which he recently 
retired after holding the rank of deputy engineer-in-chief. 

Mr. H. P. Forder has been appointed deputy general manager 
of Samuel Fox & Co. Ltd., Stocksbridge. Mr. R. J. Bavister 
has been appointed commercial manager, Mr. J. H. Goodlad, 
deputy for Mr. Bavister, Mr. A. Grayson, supplies manager, 
Mr. J. Mason, buyer, and Mr. G. J. Cummings, education officer. 

Mr. J. G. Fraser, C.A., has been appointed secretary to George 
Ellison Ltd. and their associated companies, Tufnol Ltd. and Alfred 
Ellison Ltd., Perry Barr, Birmingham 22 B. He succeeds Mr. R. 
Sawyer who retired after 42 years of service. 

Mr. A. J. Haslam has joined the laboratory staff of the Radiant 
Metal Finishing Co. Ltd., Wellchrome Works, Shepherdess Walk, 
London, N.1. 

Mr. Philip Jones has been appointed press and publicity officer 
of the Exports Credit Guarantee Department, 9 Clements Lane, 
London, E 

Mr. C. E. King has retired from his position of director of 
engineering of Vauxhall Motors Ltd. owing to ill health, but will 
continue to serve as an engineering consultant to the company. 

Mr. G. H. Latham, chairman and managing director of the 
Whitehead Iron and Steel Co. Ltd., has been appointed President 
of the British Iron and Steel Federation, Steel House, Tothill 
Street, London, S.W.1, in succession to Sir Ellis Hunter. Mr. 
A. G. Stewart has been appointed president elect of the Federation. 

Mr. F. D. Langley has been appointed sales manager, and 
Mr. W. L. Beckett, London area sales manager, of the National 
Gas and Oil Engine Co. Ltd., both with offices at Duke’s Court, 32 
Duke Street, London, S.W.1. Tel. No. WHItehall 6177. Mr. 
Langley has also been appointed director of National Oil Engines 
(Export) Ltd. Mr. J. A. Barker has been appointed commercial 
Manager at the Head Office of the company at Wellington Works, 
Ashton-under-Lyne. 

Mr. A. Lloyd has been appointed general works manager, 
Mr. G. J. Taylor, manager, and Mr. P. Smith, sales manager of 
the Thermosetting Division of Bakelite Ltd., Tyseley, Birmingham. 
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Mr. C. E. Tofts, has been made sales manager for laminated ma- 
terials, Mr. R. Hulse, works manager, and Mr. A. Tonks, manager 
of moulding material production. 

Mr. Donald McGregor has been appointed superintendent of 
the washing machine motor production line, Mr. Norman McIntosh 
Hemphill, chief plant engineer, and Mr. Ian McGregor, education 
and training officer, of Hoover (Electric Motors) Ltd., Cambuslang, 
Lanarkshire. 

Lieut.-General Sir Frederick Morgan, K.C.B., who has 
been Controller of Atomic Energy since 1951, has been appointed 
by the Minister of Supply to be Controller of Atomic Weapons. 

Mr. K. Paterson, director and chief engineer, will take up 
appointment, on April Ist, as general manager of The United Steel 
Structural Co. Ltd., Sheffield 10, of which company Mr. H. Saun- 
ders will be commercial manager and director. Mr. L. Gaskell 
will become chief engineer, Mr. W. E. Smith chief electrical 
engineer, and Mr. D. R. M. Nisbet deputy chief electrical engineer. 

r. L. H. Rea, general manager, and Mr. W. Smith, works 
manager, have been elected to the Board of Edwin Danks & 
(Oldbury) Ltd. 

Mr. J. S. Skinner has been y+ gee managing director and 
Mr. George McLean a director of Remington Rand Ltd., Com- 
monwealth House, New Oxford Street, London, W.C.1. Mr. S.D. 
Parker has been electe’4 chairman of the Board. 

Mr. Z. Stokowiec, A.M.I.Mech.E., F.I.M., has been appointed 
a foundry manager of Sheepbridge Engineering Ltd., Chester- 

e 

Mr. R. Tate, of the Defence Research Board of Canada, has 
taken up a position as metallurgist with Trans-Canada Air Lines, 
Winnipeg, Canada. 

r. P. Tatlow has been appointed sales manager of the general 
engineering department of Air Control Installations Ltd., Ruislip, 
Middlesex. Mr. Tatlow was formerly with A.C. Cossor Ltd., as 
chief mechanical engineer of the research division, and prior to that 
was chief designer of Rotax Ltd. He commenced his career with 
Rolls eer Ltd. 

r. W. E. P. Johnson, A.F.C., A.F.R.Ae.S., C.P.A., has 
sciauaad the joint managing directorship of Power Jets (Research 
and Development) Ltd., but will continue in advisory capacity. 
Mr. T. icks, M.A., C.P.A., joint managing director, has been 
appointed - managing director. 

Mr. Frank Thompson-Schwab, chairman, Sir Alexander 
Dunbar, deputy chairman, and Mr. Hugh Quennell, director of 
Darwins Ltd., Sheffield, have joined the Board of Sheffield Forge 
and Rolling Mills Co. Ltd., the entire share capital of which has 
been tg a by Darwins Ltd. 

Mr. E. S. Waddington, F.S.E., M.Inst.W., A.LE.E., has been 
appointed honorary treasurer of the Society of Engineers. 

Mr. S. Webley, A.M.LP.E., has been appointed director 
and general manager of the Cape Engineering Co. Ltd., Warwick. 

Mr. N. Yarworth has taken up an —_— with Metals and 
Controls Corp., Attleboro, Mass., U.S.A 


BUSINESS NOTES 


Aylesbury Turned Parts (True Screws) Ltd., Brittania 
Street, Aylesbury, Bucks, have been appointed Agents for the 
** Helios ” precision measuring instruments. 

Hattersley (Ormskirk) Ltd., Ormskirk, Lancashire, have 
acquired 75 per cent of the share capital of Beck & Co. (Meters) Ltd. 

The Staveley Coal and Iron Co. Ltd., Hollingwood, Chester- 
field, have acquired 75 per cent of the share capital of Standard 
Machine & Tool Co. Ltd., Windsor, Ontario, Canada. Considerable 
expansion of the plant is contemplated. James Archdale & Co. 
Ltd., Birmingham 16, will exchange technical information with 
Standard Machine & Tool Co. Ltd. 

The Ackton Hall Colliery Co. Ltd., Pontefract, Yorkshire, 
have acquired controlling interest in the Schultz Die Casting Co. o 
Canada Ltd., Wallaceburg, Ontario, Canada. 

Permali Ltd., Bristol Road, Gloucester, have announced 5 per 
cent reduction of all prices for Permali products, excluding embodied 
metal parts, as from January 1, 1954. This reduction will be applied 
to all orders already accepted ‘and delivered after that date. 

Comparison of the price of Permali with that of all materials used 
in the electrical industry and covered by the Board of Trade Price 
Index is most favourable for Permali. The current figure for 
Permali, based on the 1949 datum used in the Index, is 108-9, which 
compares with the December Index figure of 157 for all materials. 

The British Thomson-Houston Co. Ltd., announce that their 
Middlesbrough office has been installed in new premises at Pruden- 
tial Chambers, 27 Albert Road, Middlesbrough. Tel. No.: 2476. 

An Ultra-sonic Apparatus for collecting dust extracted from 
industrial plants is now manufactured at the Wilhelm Pieck Works in 
Hungary. It will be used in the coal classifying and cleansing de- 
partment of the Varpalota coal mines for trapping and compressing 
100 tons of dust per day. 

The Saturn Group of Companies, in order to promote 
greater efficiency, has decided to concentrate the handling and 
marketing of industrial gases in one company as from Ist January, 
1954. 

The name of the parent company, Saturn Oxygen ronpeny 
Limited, has been changed to Saturn Industrial Gases Lim 

as it was felt that the former name was not fully descriptive of its 
new functions, and it has absorbed the assets of its four subsidiary 
companies, namely :— 
British Cutting Gases Ltd., New Process Gases Ltd., 
Autogenous Gases Ltd., Augas Northern Ltd. 

While some familiar names may disappear, this arrangement will 
involve no change in the continuity of management, and the Group’s 
endeavour to render a high standard of service to industry will be 
continued by Saturn Industrial Gases Ltd., together with its sub- 
sidiary company, Rainville Engineering Co. Ltd., from their branches 
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After Monolux comes 
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MAZDA Fitting 






Look at these Features: 
The New BTH Fixed B.C. Lampholders 
for quick one-hand lamping from either end. 


The New BTH Lamp Auxiliary Gear 
for either ‘ Switch’ start or ‘ Instant’ Start. 


The New BTH ‘Pendicones’ 

for rapid flush mounting, 

with alternative provision for 

conduit or chain suspension. The New BTH Cartoning for easy 
handling and stocking. 


WRITE FOR DESCRIPTIVE LIST 9613-2 WHICH TELLS YOU 
MORE ABOUT THIS FINE NEW RANGE OF FITTINGS. 


Mazda Series F.1160 Prices from £8-10-0 


Reflectors of stoved or vitreous 
enamel (with or without upward 
light slots) and white ‘ Perspex’ 


For single or twin 80 watt 
5ft. Fluorescent lamps. 


Ys ' 
(fa Mazda lamps stay brighter longer 


q THE BRITISH THOMSON-HOUSTON CO. LTD., 
Crown House, Aldwych, London, W.C.2. (Member of the A.E.I. Group of Companies) M4496 
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in London, Lymington, Birmingham, Sheffield, Manchester, 
Thornay-on-Tees, Sunderland and Glasgow. 

The Head Office will remain at Downshire House, Roehampton 
Lane, }-ondon, S.W.15, and the Registered Office at 50 Gresham 
Street, |. ondon, E.C.2. 

Mr. Patrick Johnson, who recently resigned from Power Jets 
(Resear-h & Development) Ltd. to extend the scope of his activities 
in technological consultancy, has been appointed to develop the 
Europesn interests of Solar Aircraft Company, of San Diego, 
California, 

In this appointment, he will maintain his connection with gas 
turbines, which originated in his early association with Sir Frank 
Whittle, as Solar Aircraft Co. are also manufacturers of gas turbines 
and their components. r. Johnson, who will remain free to serve 
the various other organisations and committees of which he is a 
member, and to be available as an adviser to Power Jets and others, 
is leaving for the U.S.A. at the end of January for an extensive tour. 
He will open his London Office on his return in the Spring. Until 
then, he may be reached through his home address : 46 Well Walk, 
N.W.3. Telephone: HAMpstead 1664. 

The Society of British Aircraft Constructors announces that 
the 1954 SBAC Flying Display and Exhibition will be held from 
Tuesday September 7th to Sunday September 12th inclusive. 
There will be a Technicians Preview on Monday September 6th. 

The Display will be held in Farnborough, Hampshire. 

Stanley Howard Ltd., 75/76 Exchange Buildings, Stephenson 
Place, Birmingham 2, has been appointed Sole Agent for the sale of 
Scrivener automatic rotary horizontal surface grinding machines. 

Thos. Firth & John Brown Ltd., Atlas Works, Sheffield 4, 
announce that the new address of their Cardiff Office is now 46 Park 
Place, Cardiff. Telephone: 27922. 

The Cone Automatic Machine Company (Great Britain) 
Limited has been formed as a subsidiary of the Cone Automatic 
Machine, Inc., Windsor, Vermont, U.S.A. to inaugurate and be 
responsible for a manufacturing programme for their range of 
Automatic Bar Machines. Temporary premises have been ac- 
quired at Solihull Chambers, 14 High Street, Solihull, Birmingham. 

The directors are Mr. H. P. Chaplin, Mr. J. A. Gerard, President 
and Vice President respectively of the parent company, and Mr. 
Louis Carter who has resigned his directorships of the Churchill 
Group of companies to take up the managing directorship of the new 
company. 

The range of machines will be manufactured for the home and 
export markets. 

Charles Churchill & Co, Ltd. who have acted as agents for the 
Cone Automatic Machine Co. for many years will continue in this 
capacity in Great Britain. 

Sheepbridge Engineering Limited announce that by agree- 
ment with the United States Pipe and Foundry Co., Special Products 
Division, Burlington, New Jersey, the special method developed by 
the American firm for making long cast cylinders and tubes, can be 
employed by two Sheepbridge subsidiaries—Sheepbridge Steel 
Castings Ltd., Sutton-in-Ashfield, Notts., and Sheepbridge Stokes 
Ltd., of Chesterfield. 

A prominent feature of this new horizontal rotation process is the 
use of a special refractory spray round the walls of the mould that 
induces the casting metal to flow evenly throughout its length, 
thereby eliminating a principal difficulty in normal British practice. 

The intention of Sheepbridge Steel Castings Ltd. to spin cast 
piping in high alloy steels and nickel base alloys by this process has 
aroused considerable interest in the chemical industry where long 
piping in special alloys is difficult to produce by normal methods. 

Heat- -resisting and corrosion resisting steel alloys will also be 
spun in long castings by this new process for ultimate use as rollers 
in heat treatment furnaces, runout-rolls for steel mills etc. 

Experimental 10 foot long iron cylinders of 8 in. diameter, have 
already been successfully cast by this new ‘‘ Burlington ” process at 
the Chesterfield Works of Sheepbridge Stokes Ltd. 

Corrosion of Iron and Steel. Methods of protecting iron 
and steel against corrosion will be demonstrated to the public in the 
Great Hall, Battersea Polytechnic, from 10.0 a.m. to 4.30 p.m. on 
Friday, January 22nd. The exhibition will be on view during the 
previous day to members of the Corrosion Group of the Society of 
Chemical Industry, by whom it is being organized. 

Some 30 exhibits will demonstrate the most important methods 
and processes for the prevention of corrosion of iron and steel in five 
main sections : 

Effect of Design 

Treatment of the Corrosive Medium 
Cathodic Protection 

Protective Coatings 

Tests and Methows of Testing. 

Although many individual firms are participating, this is not a 
trade exhibition, but a demonstration of protective processes. 
Admission is free, and no tickets will be necessary. 

It is proposed to establish at the National College of Horology 
and Instrument Technology, St. John Street, London, E.C.1 
commencing in September, 1954, courses in the technology of tooling 
as it applies to the horological, instrument and light engineering 
industries. 

This decision has been reached after discussions with engineers 
and executives in industry who have stated that the design and manu- 
facture of accurate and economical] tooling is one of the most vital 
factors in production. The scheme has also been discussed with the 
Gauge and Tool Makers Association. 

Two full time day courses have been drafted and are approved 
in principle by the Board of Governors and the Ministry of Educa- 
tion. These courses are suitable for apprentices and others who 
have reached certain steges in a National Certificate course in 
Mechanical or Production Engineering. 
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*“* Wiggin Nickel Alloys ” No. 23 reviews work carried out on 
crop drying by electricity, a major development in farming. Types 
of industrial heating elements, ultra violet and infra-red ray radiation, 
filtration, incubation, cathode ray tube seals, temperature control, 
electrical upsetting and the introduction of Nimoply are other sub- 
jects dealt with. Copies of this journal may be obtained free of 
charge by writing to Henry Wiggin & Co. Ltd., Thames House, 
Millbank, London, S.W.1. 

The Edward Curran Companies. A most interesting record 
of fifty years of achievement, foresight, and versatility is contained 
in an 88-page book, recently issued by the Curran Companies of 
Cardiff. ‘The book, which is well illustrated and produced, traces 
the development of these Companies from Edward Curran’s “ In- 
candescent Arch ” Furnace, first installed at the Mountstuart Dry 
Docks, Cardiff, in 1909, to their present multifarious activities, 
involving a considerable knowledge of the casting, rolling, fabricat- 
ing, forming, heat treatment, cleaning, and coating of metal, to- 
gether with the design and construction of plant and machinery 
required for these processes. 

To-day, the Edward Curran Companies not only design and build 
furnaces, but metal surface treatment plants and agricultural machin- 
ery as well; they are manufacturers of steel castings, earth-moving 
equipment, and enamelled ware ; they are electrical and radio whole- 
salers and distributors ; and they are oil importers, blenders, and 
distributors. 

The book outlines these activities, together with several others, 
including the manufacture of cartridge-cases and flails for tanks. 
Not the least interesting thing about this publication is the excellent 
collection of photographs and sketches of their activities during and 
after the First World War 

Research at Hadfields. Research activities at Hadfields 
Limited, Sheffield, are detailed in a superbly conceived and illus- 
trated 80-page publication, recently received. Actually, these 
activities date from the Company’s earliest days, starting with the 
work of Sir Robert Hadfield, Bart., F.R.S., who was one of the fore- 
most metallurgists of his generation, and who took out the first 
patent for mangenese steel in 1883. 

In those early days, the centralised research department, now 
such a familiar feature of industry, was unknown. Research was 
carried out in any department of the works where facilities could be 
found. In 1947, the present Central Research Building became 
available for the concentration of research. To-day, laboratories 
cover three floors of this building. An experimental foundry 
occupies a building of its own, while the radiographic laboratory 
adjoins the foundry. 

Whilst much new equipment was introduced when the centralised 
research building was first occupied, constant additions are always 
necessary to keep pace with advancing scientific practices. Many of 
the instruments used in various branches of research, together with 
details of the results obtained, are described and illustrated in this 
interesting publication. 


Classified Advertisements. 


The rate for all classified advertisements is 6d. per word ; in bold 
print 9d. per word ; minimum order 6s. Box number advertisements 
ls. extra. Instructions together with remittance must be received not 
later than the 3rd of each month for advertisements to appear in the 
same month’s issue. 


SITUATIONS VACANT 


DRAUGHTSMAN REQUIRED with a good general knowledge 
of the design of special process machines and plant. Practical 
experience essential. Good working conditions. Pension scheme. 
Write for interview giving particulars of training and experience to 
The Assistant Secretary, The Micanite & Insulators Co. Ltd., 
Empire Works, Blackhorse Lane, E.17. 


YOUNG ENGINEERS. The Hymatic Engineering Co. Ltd., 
require young engineers with degree in Mechanical Engineering or 
Physics or with H.N.C., for interesting and instructive work in 
development of mechanical, electrical and fluid mechanisms for 
aircraft and industrial applications. Some industrial experience 
desirable but not essential. Pension Scheme. Excellent conditions. 
Apply with full details to Technical Manager. 


TO LET 


MODERN OFFICE BUILDING at Victoria to let with immediate 
vacant possession of 11,500 sq. ft. on three floors. Possession of 
further 7,600 sq. ft. in five years. Rent required equivalent to 18/- 
per sq. ft. exclusive. For full particulars, write Box LS 154. 


MISCELLANEOUS 


GRAVITY DIES, designed, manufactured and proved. R. E. 
Ormerod Ltd., Ednal! Lane, Bromsgrove. 


RECONDITIONED EX-ARMY HUTS, and_ manufactured 
buildings. Timber, Asbestos, Nissen Type, Hall Type, etc. All 
sizes and prices. Write, call or telephone—Universal Supplies 
(Belvedere) Ltd., Dept. 50 Crabtree Manorway, Belvedere, 
Kent. Tel.: EritH 2948. 

WANTED.—Copies of the March, 1953 issue of ‘ The Engineers’ 
Digest ” urgently required. Also Jan., 1949, June, 1950, and 
Dec., 1951, issues at 3/6 per copy. —Subscription Dept., 120, 
Wigmore Street, London, W.1. 
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FBI Register of British Manufacturers, 1954. 26th Edition, 
952 pp. ; published November, 1953, for the Federation of British 
Industries by Kelly’s Directories Limited, and Iliffe and Sons 
Limited, Dorset House, Stamford Street, London, S.E.1. Price: 

This standard export reference book of British industry is the 
only authorised directory of the Federation of British Industries, 
the largest and most influential association of British manufacturers, 
and is compiled by the publishers in close collaboration with the 
F.B.I. As such, it is an invaluable aid in finding reliable sources of 
supply by importers, buyers, trade commissioners, chambers of 
commerce, commercial attachés, reference libraries, etc. throughout 
the world. The introductory information and detailed instructions 
on the use of the Register are translated into French and Spanish. 

The Register contains seven sections, each section having a 
reinforced index card for easy reference. A buyers’ guide classifies 
over 6500 F.B.I. member firms under more than 5000 alphabetically 
arranged trade headings, while full details of all these firms are given 
in a comprehensive alphabetical directory. Other sections provide 
useful information on trade associations, proprietary names, trade- 
marks, etc. 


Manual of Mechanical Power Transmission. Third 
Edition, 1953. 632 pp., 381 illustrations. Publishers: Trade & 
Eom Press Ltd., 65-66, Chancery Lane, London, W.C.2. 

rice: 51/-. 

Every plant engineer should possess in some handy form the 
essential information which will enable him to deal promptly with 
everyday problems arising in connection with the efficient operation 
of transmission equipment. The aim of this volume is to achieve 
that purpose. 

Each section has been carefully revised, new chapters on recent 
developments have been added, many new diagrams and tables 
have been incorporated, and, where necessary, existing material 
has been revised. Also, the opportunity has been taken to increase 
the overall size of the pages, thereby permitting the use of a larger 
and more readable type face. 

Sections are devoted to the subject of bearings, belts and belt 
joining, chain drives, compressed air, couplings and clutches, gears, 
hydraulic transmissions, pulleys, rope drives, V-belts and V-ropes, 
and shafting. In addition, there is a section devoted to flywheels, 
foundations and machinery fixings, centrifugal force and kinetic 
energy, relationship of horse power to torque, and miscellaneous 
engineering tables. 


Vermuyden and the Fens. By L. E. Harris. 168 pp., 9 
illustrations. Publishers: Cleaver-Hume Press Ltd., 42a, South 
Audley Street, London, W.1. Price: 21/-. 

This is the first fully documented study of the work of Sir 
Cornelius Vermuyden, the naturalised Dutchman who, in association 
with the Earls of Bedford, undertook in the mid-17th century the 
drainage and reclamation of the major part of the now rich and 
fertile English fenlands. It thus illuminates a corner of English 
economic history, and should be of great interest to geographers, 
agriculturists, and all those concerned with the history of engineering. 

Three hundred years ago, the work on the Great Level was 
completed, and this book is all the more apt at a time when it is 
proposed to spend large sums on a flood-prevention scheme, some 
features of which are remarkably similar to the ideas of Vermuyden. 

What is believed to be a contemporary portrait of Vermuyden 
is reproduced as a frontispiece. The other illustrations, from old 
maps and documents, greatly enhance this volume, which should 
appeal to collectors of many kinds. 


The Aircraft Engineer’s Handbook. No. 1:—Airframe 
Structure and Controls, Flying Instruments and Equipment. By 
W. J.C. Speller, A.F.R.Ae.S. 302 pp., 81 illustrations. Publishers : 
Sir Isaac Pitman & Sons Ltd., Pitman House, Parker Street, 
Kingsway, London, W.C.2. Price: 30/-. 

This volume is the first of a new series designed for aircraft 
engineers qualifying for ‘‘M” (Maintenance) Licences, as laid 
down by the Air Registration Board in the British Civil Airworthi- 
ness Requirements (Section L, Licensing). 

It covers the Category ‘“‘ A” Licence and, as such, deals com- 
prehensively with the complete airframe, including the hydraulic 
system, brakes and wheels, heating, fire-fighting, and de-icing 
equipment, instruments, automatic pilots, etc. 

This book should be of great service to Air Forces, to the staffs 
and students of schools, colleges, universities, and training institu- 
tions, and to all personnel engaged in the inspection and maintenance 
of aircraft. 


How to Use Signal and Sweep Generators. By J. Richard 
Johnson. 144 pp., 102 illustrations. Publishers: John F. Rider 
Publisher, Inc., 480, Canal Street, New York 13, U.S.A. Price: 

0. 


While much has been written about the theoretical aspects 
of signal and sweep generators, there has been a scarcity of in- 
formation on their actual manipulation and applications to practical 
problems. 

This book includes sufficient information on the fundamentals 
of generator operation to clarify the purpose of all practical steps 
detailed. Otherwise, theoretical discussions are avoided in favour 
of practical instruction, while the book is written is such a way that 
the reader requires only a basic knowledge of electricity, radio, and 
electronics. 

Specific information is given on the types of equipment 
available and their basic principles of operation ; the purpose and 
location of controls and adjustments ; and the setting up, adjust- 
ment, and maintenance of generators for various applications. 
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1. Steel-Framed Buildings. Details are given in a 4-page 
pamphlet of a range of steel-framed buildings. The span of these 
buildings is from 30 to 60 ft, and their length can be any multiple 
of 12 ft 6 in. 

These buildings are designed to allow for two or more spans 
to be joined together to increase the width, as required. Also, 
lean-to extensions of 15 or 20 ft in width may be added to any of 
the standard spans. Steel windows, 6 ft 6 in. x 4 ft high, with 
top-hung ventilators, can be supplied for fixing in side walls or 
gable ends. 

2. Aluminium Alloys. The mechanical and physical proper- 
ties of a range of light alloys, made from aluminium and magnesium, 
are detailed in a neat, illustrated 8-page booklet. Weight reduction 
and good durability are features of these alloys, but their diversity 
of properties and finishes, and ease of working greatly extend their 
scope of application. 

3. Variable-Pitch Marine Propellers. A_ well-presented, 
28-page brochure describes and illustrates variable-pitch propellers 
fitted to a wide range of marine craft, including tugs, firefloats, 
submarines, motor torpedo-boats, and air-sea rescue launches, 
powered by petrol, diesel, steam, and gas turbine engines, ranging 
from 15 to over 6000 hp. 

Performance curves, illustrating the advantages to be derived 
from the use of variable pitch propellers, are included. 


4. Fittings for “ Alkathene’”’ Tubing. The increasing use of 
** Alkathene ” tubing for cold water distribution lines and for 
industrial and chemical plant has resulted in the need for a quick 
and reliable method of jointing. 

An efficient range of fittings for joining this type of tubing is 
described in a 12-page booklet. These fittings are made from hot- 
stampings or hard-castings in brass. The action of tightening the 
coupling nut on to the screwed exterior of the fitting body compresses 
a specially designed annealed brass ring on to the tubing, thereby 
gripping it securely. 


5. Impervious Carbon and Graphite Material. A 6-page 
brochure describes an impervious carbon and graphite material 
specially intended for the construction of plant handling corrosive 
fluids. Outstanding properties of this material include low thermal 
reversible expansion ; wide range of resistance to chemical attack ; 
good mechanical strength; high resistance to thermal shock; 
good electrical conductivity ; and self-lubrication and resistance 
to wear. 

Four main types of heat-exchanger, made from this material, 
are described in the brochure. These are the Shell-and-Tube (or 
Tube Bundle), the Plate Heater, the Cascade Cooler, and the 
Bayonet Heater, respectively. 


6. Pneumatic Equipment. A well-presented and _ illustrated 
12-page booklet describes a comprehensive range of pneumatic 
equipment for industrial purposes, including air hydraulic feed 
units, hydro-checks, solenoid and diaphragm-operated valves, 
impact cylinders, air service units, and integral valve/cylinder units. 

A supplementary leaflet gives the prices of these and other items, 
together with a shortened price-list of solderless pipe fittings. 
7. Water Purification Equipment. Chlorine is universally 
recognised as a most efficient bactericide. Details of a complete 
range of equipment for use in chlorination plants are given in a 
4-page brochure. The range includes a variety of automatic and 
portable chlorinators, ammoniators, reagent feeders, high-capacity 
direct feed panel units, chlorine residual recorders, hydraulic 
solution feeders, programme clocks, and master chlorinators. 
8. Tube Cutting and Screwing Machines. A pamphlet 
describes and illustrates two models of tube cutting and screwing 
machines, one for tubes from } to 2 in. in diameter, and the other 
for tubes from } to 4 in. in diameter. 

These machines are fitted with low-power motors in all voltages. 
If desired, petrol motor and compressed air driven models can be 
supplied. 
9. Self-Cleaning Strainer. Descriptions and specifications of 
a wide range of self-cleaning strainers are given in a 12-page brochure. 
These strainers, which embody a novel cleaning principle, are of 
simple and robust design, and are so constructed that they offer a 
minimum resistance to flow and do not become choked. 

In the larger sizes, jacketed strainers for heating or cooling the 
liquid are available. These latter strainers also lend themselves 
for use in the concentration of solids. 
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@ NEW HIGH-STRENGTH 
ALLOY 


It is reported that the search for 
a nickel-free steel for high-strength 
wire has resulted in the develop- 


A QUICK GLANCE AT THE LATEST 
TECHNICAL DEVELOPMENTS 
THROUGHOUT 


THE WORLD 





ment of a new type of steel with 
remarkable qualities. The problem 
with which the investigators were faced was to 
evolve a wire material which would contain less 
chromium and nickel than comparable materials, 
but would have the strength, flexibility, and the 
magnetic and electrical properties of the material 
to be replaced. A considerable number of alloys 
was developed and tried. One of these alloys, 
when drawn into wire of 0-0015 in. diameter, was 
found to have a tensile strength of 292,500 psi 
and to be non-magnetic, as required. Another 
alloy, when drawn into wire of the same diameter, 
was rated at 300,000 psi tensile strength. Beyond 
the laboratory stage, a 225-lb melt of one alloy 
was passed through a commercial wire mill and 
was processed according to the standard procedure 
developed for stainless steel. With a 93°,, reduc- 
tion in area the wire was found to have a tensile 
strength of 300,000 psi. This material had the 
following analysis: 0-10°,, carbon, 10-7°,, chro- 
mium, 16-0°,, manganese, 0-9°,, silicon, 2-0°, 
copper, and 0-15°,, nitrogen. The nitrogen was 
added as high-nitrogen ferro-chromium. It is 
stated that the percentage ranges of steel of this 
type should range as follows, although further de- 
velopment would appear to be indicated: 0-3 to 
1-3°,, silicon, 0-08 to 0-15°,, carbon, 9-0 to 11-0°, 
chromium, 14-5 to 18-5°,, manganese, 1-8 to 2-2°, 
copper, and 0-08 to 0-15°,, nitrogen. Steels of 
this type are recommended for applications re- 
quiring good workability, moderate corrosion 
resistance, relatively low electrical conductivity, 
and non-magnetic properties. 
@ PRESSURE-SENSITIVE TAPE 

The fluorocarbons, which constitute a relatively 
recent addition to the plastics family, are of 
considerable interest to manufacturers in view 
of their outstanding properties. Notable among 
the latter are their excellent mechanical stability, 
their high resistance to most corrosive materials, 
and their dielectric strength. The combination 
of these properties makes the fluorocarbons 
most desirable for use in the chemical and electrical 
industries and in many others, where insulation 
and protection against corrosion are important 
factors. Fluorocarbons are now available in the 
form of a pressure-sensitive tape, which should 
prove particularly useful in electrical applications, 
owing to its excellent insulating properties. This 
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new tape can be applied like any adhesive tape, yet 
it retains all the advantages inherent in fluoro- 
carbon materials. The tape consists of a fluoro- 
carbor plastic, to which a silicone adhesive is 
bonded by a special process. The adhesion of the 
tape to various metal surfaces is reported to be 
some 32 oz per inch, and the silicone adhesive is 
said to remain strong and tacky over a range of 
temperatures from about + 300 F to — 65° F. 
According to the manufacturers, the process by 
which the adhesive is bonded to the tape does not 
adversely affect the fluorocarbon polymer, so that 
the finished tape retains unimpaired all the basic 
physical, chemical, and electrical properties of the 
material. Tape of this kind is being manufactured 
in widths up to 24 inches. The new tape may be 
used for wrapping ends and splices in Teflon- 
insulated wires and cables, and for providing non- 
adhesive surfaces in containers or on tables. Small 
containers can be lined with a single layer of 
pressure-sensitive tape, or the adhesive can be 
applied to shaped or curved fluorocarbon surfaces. 


@ NUCLEAR STORAGE BATTERIES 


Generation of electrical energy, by collecting 
the beta particles emitted from a radioactive 
source insulated from the source by a solid dielec- 
tric, has been found feasible with polystyrene as 
the insulator. Batteries using a strontium-90 
source, and providing up to 7000V charging 
potential at 40 ,.A, have been produced. These 
batteries are smaller, lighter, and less expensive 
to operate than chemical batteries, and have the 
additional advantages of greater reliability and a 
life of up to 25 years under extreme operating 
conditions. They represent the first instance of 
atomic energy being converted directly into elec- 
trical energy for commercial use, although, in 
their original form, they can be used only for 
applications requiring small currents, such as 
ionisation chambers. It is reported, however, that 
an adaptation, incorporating a silicon transistor 
and capable of releasing sufficient energy to operate 
a telephone receiver, is now available. It is 
claimed that the new battery may well be the first 
step in a development leading to the supply of 
“* packaged ” electricity for domestic and industrial 
purposes. 
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@ DETERMINATION OF COOLING POWER 
OF QUENCHING BATHS 


It is common knowledge that the properties 
of a hardened steel vary according to the speed at 
which it has been quenched, and that, other con- 
ditions being equal, the quenching speed depends 
upon the characteristics of the quenching bath. 
For each quenching bath, therefore, the quantity 
of heat which the bath can remove from the 
workpiece under standard conditions per unit of 
time at various temperatures should be investi- 
gated. For this purpose the “cooling power ” 
of each quenching bath is to be considered, and 
this cooling power can be defined by the cooling 
speed against temperature curve under standard 
conditions. A recent invention relates to an ap- 
paratus which is claimed to simplify considerably 
the determination of the cooling power. This 
apparatus contains a device for simultaneously 
determining temperature against time and the 
cooling speed against time diagram of a body 
plunged into the quenching bath under inves- 
tigation. The invention is based upon the fact 
that the derivative with respect to time of the 
temperature against time curve is the cooling 
speed against time curve. From these two curves 
a third curve, namely, cooling speed against tem- 
perature, can be derived, which defines the 
“cooling power” of the quenching bath inves- 
tigated. The actual apparatus permits automatic 
determination of the cooling speed against tem- 
perature curve. In the apparatus a silver ball 
containing a thermocouple is heated to a given 
temperature and then plunged into the bath. The 
thermocouple then actuates a first amplifier and 
a second amplifier with a derivative stage, so that 
temperature against time and cooling speed against 
time are simultaneously obtained, and provision 
is made for automatically plotting the cooling 
speed against temperature curve. 


@ MEASUREMENT OF DIELECTRIC 

DISPERSION 

A patent specification just issued describes a 
new method applicable to the testing of materials 
used for electrical insulation, such as paper, cotton, 
and other fibrous materials. The insulating pro- 
perties of these insulating materials are impaired 
by the presence in them of small amounts of 
moisture, and tests for moisture content can 
therefore serve as a guide to the condition of the 
material. It has been found that measurement of 
the dielectric dispersion of the material, i.e., the 
variation of the dielectric constant with the fre- 
quency of an applied sinusoidal voltage, or the 
duration of an applied voltage of square wave 
form, furnishes a particularly suitable means of 
assessing the moisture content of such materials. 
It is claimed that results have been attained in the 
testing of oil-impregnated papers, as used in 
cables and transformers, and of resin-bonded paper 
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of the type used in bushings. The test can be 
quite sensitive and is absolute in the sense that 
completely dry materials have zero dispersion ; 
furthermore, it may be carried out on the insulation 
of electrical equipment already installed. It may 
also be used for checking the effectiveness of the 
drying process during manufacture, since paper 
insulation is used to a considerable extent at the 
present time in bushings, cables, and transformers, 
and drying is an essential step in their manufac- 
ture. The operating principle of the apparatus 
employed to carry out the actual tests consists of 
charging the material by applying the test voltage 
by means of a pulse generator, and then measuring 
the recovery voltage, after short-circuiting for 
a brief time interval the electrodes used for 
applying the voltage to the material. 


@ GLASS OF CHANGING LIGHT 

TRANSPARENCY 

A new type of multi-layer glass sheet of 
variable transparency has been developed. It may 
be mentioned that there already exists a type of 
multi-layer glass sheet which has an interlayer 
consisting of wax or a super-saturated solution of 
camphor in dilute alcohol. This interlayer be- 
comes transparent when it is heated by means of 
heating filaments and it becomes opaque when the 
current flow through the filament is interrupted and 
the interlayer substance hardens. In the new 
type of glass, the substance contains a polymer, 
such as methyl polyvinyl, and is so composed 
that, at a predetermined temperature, the substance 
changes from the sol state to the gel state ; these 
two states have, of course, widely different optical 
properties, the gel state being characterised by a 
milky appearance and the sol state by a completely 
transparent appearance. It is evident that the 
changes in temperature to which the interlayer 
substance reacts, instead of being effected by 
radiant heat, can also be effected by luminous 
intensity, as, for instance, sunlight. In order to 
make the interlayer substance more responsive to 
sunlight, a small quantity of a colouring agent 
which readily absorbs light by converting it into 
heat may be added. It is also possible by admixing 
colouring agents to produce a complete change 
in colour at the coagulation temperature. 
Furthermore, windows made of glass sheet of this 
type can be made opaque artificially by blowing 
hot air against them or by heating. 


@ NEW APPLICATION OF PLASTICS 


Because of their outstanding properties, non- 
plasticised vinyls are now finding wide application 
as corrosion-resistant structural materials. The 
stability of this material in the presence of moisture 
is excellent, as is its resistance to a wide range of 
chemicals. Furthermore, the material is distin- 
guished by its easy machinability and weldability. 
Hardness and structural rigidity of hard polyvinyl 
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chloride are due principally to the omission of 
plasticisers, which can bleed out, leaving a spongy 
structure. Thus, in many of their properties, non- 
plasticised hard vinyls surpass the “ rigid ” vinyls, 
which contain plasticisers. A temperature of 176 
F is the recommended maximum temperature for 
the non-plasticised vinyls. A thermoplastic, hard 
polyvinyl chloride has good structural properties, 
which make possible the use of rigid assemblies 
without structural support other than that supplied 
by the plastic itself. At 160 F, the tensile strength 
of the material is 2900 psi, while at — 55 F it is 
13,800 psi. At ordinary temperatures, hard poly- 
viny! chloride is unaffected by mineral acids, bases, 
salts, chlorides, oils, grease, petrol, and carbon 
tetrachloride in various concentrations. It is, 
however, susceptible to some organic solvents, 
such as aromatic and chlorinated hydrocarbons, 
esters, ethers, and particularly ketones. Because 
of its resistance to ageing and oxidation, it is 
suitable for many applications where oxidation is 
a problem. The plastic is self-extinguishing and 
non-toxic. Non-plasticised polyvinyl chloride is 
fabricated primarily by welding or machining. 
Sawing, drilling, cutting, shaping, planing, and 
milling are accomplished on conventional machine 
tools. Hard vinyls are, however, thermoplastic, 
and surface softening will occur if heat is developed 
tco rapidly during machining. 


@ 4AIR-TIGHT JOINTS 


There exist many cases in which a substantially 
air-tight joint between mating surfaces which have 
to be separated from time to time should be made 
with a minimum of expenditure. This applies in 
particular to cases where the mating surfaces are 
of narrow width, irregular in contour, or have 
numerous openings for screws or bolts. In a 
recently patented method an adhesive cement, 
which may be a thermo-setting synthetic resin, is 
applied to one of the two surfaces. A flock 
material, which may be wool, cotton, rayon, or 
other fibre, is then deposited upon the wet cement 
from a suspension in air or gas by blowing on, 
or by passing the article through an atmosphere 
with the fibres or flock suspended in it. A possibly 
still more effective method consists in employing 
electrostatic attraction, which will cause the at- 
tracted fibres to stand upright on the cement- 
covered surface. When the cement has finally set, 
the deposited flock will firmly adhere to it and, 
owing to its softness, will form an excellent seal. 
After the cement has set, the surface is non-tacky 
and the joint may be easily broken without dis- 
turbing the flocked surface. Naturally, a joint of 
this type is suitable only for low-pressure air or 
low vacuum service; however, when these con- 
ditions are present and irregular mating surfaces 
are to be jointed, this ingenious method appears 
to have considerable utility, particularly where 
low cost and simplicity of fitting are of importance. 
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@ POWER-PRODUCING CHEMICAL- 

REACTION TURBINE 

What would appear to be a most significant 
invention of recent date relates to a process for 
effecting chemical reactions within the casing of 
a power-producing turbine, which combines the 
production of power from the energy available 
in a chemical manufacturing process. In such a 
process, the chemical reactions comprising a 
chemical process are effected under gas- or vapour- 
forming conditions in the casing of a gas turbine 
acting both as the reaction chamber of the process 
and as a means of generating power. Preheated 
reactants are injected separately into a turbine, 
generally at super-atmospheric pressure. The 
reactants are intimately mixed and chemical re- 
actions ensue within the turbine, forming a 
gaseous or vaporous product. Simultaneously 
with the chemical reaction, the reactants and 
gaseous products are allowed to expand within the 
turbine, giving up energy in the form of mechanical 
work. The gaseous effluents of the reactions are 
recovered from the exhaust of the turbine as 
valuable products or for further treatment. Chemi- 
cal processes suitable in this respect are preferably 
those involving high-pressure, high-temperature 
gas- or vapour-forming reactions of the exothermic 
type, or where the volume of the reaction products 
is greater than the volume of the reactants. As 
an example of a high-temperature, high-pressure 
exothermic process, the non-catalytic alkylation of 
hydrocarbons may be mentioned, the process 
conditions being some 900 to 1100 F at 2500 to 
5,000 psi or 10,000 psi. Non-catalytic polymeri- 
sation of petroleum fractions can also be carried 
out in this manner, with process conditions of 
850° to 1150° F at 1000 to 2000 psi. 


@ INCREASING HEAT TRANSFER BY 

ELECTRICITY 

It has been found that by the use of an electro- 
static field produced by electrodes connected to a 
high-voltage direct-current source, convection 
heat transfer can be substantially increased. It is 
claimed that, by applying an electrostatic field to 
a fluid while it is being heated or cooled, a con- 
tinuous motion of charged particles from a surface 
of one polarity through the fluid to a surface of 
opposite polarity is effected. This, it is stated, 
provides a greater and more rapid heat exchange 
and also a more rapid equalisation of the tempera- 
ture of the fluid body itself. According to the 
patent specification which refers to the practical 
applications of this discovery, a potential gradient 
of 1500 volts per inch is required, and increases 
in the rate of heat transfer of some 1100°,, have 
been observed. The inventor suggests that his 
method can be employed for the cooling of 
electric motors, transformers, and generators ; 
also in radio transmission equipment, where it is 
desirable to cool the valve anodes. In gas turbines 
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and internal combustion engines the new method 
might be used to cool locally overheated parts. 
Other possible applications mentioned are in con- 
nection with heat exchangers in general, furnaces 
for normalising, annealing, or other kinds of heat 
treatment of steel, and cooling of plastics. The 
use of an electrostatic field for the purpose of 
increasing heat transfer is an interesting proposal 
and it should not be difficult to verify the claim 
of the inventor. However, the employment of the 
high voltage inferred by the stipulation of a po- 
tential gradient of 1500 volts per inch may prove 
an obstacle to practical application of the method 
in many Cases. 


@ NEW APPLICATION FOR SILICONES 

Recent years have witnessed a steadily growing 
list of uses for silicone compounds in numerous 
branches of industry. The latest developments 
are a slip clutch and a flexible coupling, which 
use the unusual silicone putty-like material which 
is plastic and free-flowing at low stress but which 
shatters like glass under sudden forces. The basic 
principle of these developments is that the putty 
will shear under a sudden force but will flow 
together again when the force is relieved. The 
slip clutch is designed to prevent overload and 
shocks, for starting heavy loads, for absorbing 
torsional shaft vibrations, and for delivering im- 
pulse-free power. The flexible coupling is designed 
to compensate for both angular and offset mis- 
alignment. The separate function of both the slip 
clutch and the flexible coupling can be combined 
in a single unit. In operation, when the driving 
shaft of the slip clutch starts to rotate, the initial 
torque shears the putty. Almost instantly, how- 
ever, the silicone flows together and starts to 
rotate the driven shaft. This process of shearing 
and re-forming continues until both shafts are 
rotating at the same speed. By adjusting the 
pressure on the putty, it can be made to shear at 
any load, above which it will not have sufficient 
adhesion to drive. At the same time, the silicone 
will absorb torsional vibrations and sudden im- 
pulses. The operation of the flexible coupling is 
very similar, except that means are provided to 
compensate for the misalignment by displacing 
the soft silicone putty. 


@ IMPROVED COLD-DRAWING SPEED 


In the cold-drawing of bars it has been found 
that drawing speed can be considerably increased 
by abandoning the conventional lime-coating 
technique and substituting a dry, thin-film lubri- 
cant coating. This lubricant consists of a granu- 
lated powder which contains waxes and fats of 
high melting point, in combination with a col- 
loidal pigment. Containing in addition extreme- 
pressure and lubricating additives, the lubricant is 
held together in a matrix of regenerated cellulose, 
which provides adhesive properties. In practice, the 
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hot pickled bars or rods are rinsed and then im- 
mersed in a tank containing the new lubricant 
for about five minutes. They are then drained 
and dried in air. External heating or baking is 
not required, as the residual heat retained in the 
bars is sufficient to dry the film coating, even under 
the most humid conditions. In this way an 
adherent semi-waxy film of about one thousandth 
of an inch in thickness is formed on the bars and, if 
required, the coated bars may be stored for 
several days without rusting or deterioration of 
the coating, as the film is not hygroscopic. During 
the draw an auxiliary lubricant 15 applied to the 
bars at the entrance to the dies. This lubricant 
is a low-viscosity, high film-strength drawing 
oil with properties selected in consideration of 
the chemical and physical properties of the base 
film. This auxiliary lubricant is highly effective 
in removing heat from dies, die holders, bar stock, 
and heat produced by deformation of the metal. 
Furthermore, its polar-active properties promote 
rapid spreading over the die surfaces and the 
film of primary lubricant on the metal surface. 


@ IMPROVED BENDING PROPERTIES OF 

TITANIUM STRIP 

It has been found that the bending properties 
of titanium strip can be greatly improved by remov- 
ing a few thousandths of an inch of suriace metal 
which has become embrittled in annealing or hot 
rolling. Pickling in acid has been found to be an 
effective method of removing from 0-001 to 0-002 in. 
per surface, although bending properties are im- 
proved where surface metal is ground off. Experi- 
ments have been conducted to determine the causes 
for the improvement in ductility achieved. First of 
all, both pickling and grinding were found equally 
effective in improving ductility, and showed that 
the ductility of titanium is improved by the re- 
moval of surface layers by any means. Extensive 
X-ray studies were made of titanium strip rolled 
and annealed according to a variety of schedules, 
to determine what undesirable features of the 
metal are present in the metal surface. These 
might be oxygen- and or nitrogen-saturated metal 
resulting from annealing, or an undesirable orien- 
tation of material as a result of rolling. However, 
under no condition was it possible to find an 
orientation similar to that in the interior of the 
sheet. This, of course, discredited the idea that 
highly oriented surface layers were the major 
contributory factor in damaging bending pro- 
perties. A series of experiments was made, in 
which a surface layer was removed by grinding 
prior to rolling the metal. Since rolling did not 
lead to the re-appearance of brittle surface layers, 
these experiments showed that the improved 
bending properties are due to the removal of 
oxygen- and or nitrogen-saturated surface layers, 
and this can be easily carried out by pickling 
to the depths mentioned above. 
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